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ABSTRACT

The Castrovirrayna mining district lies in the Andean Cordillera
of South Central 2aru, snd has besn worked sporadically since its
discovery in 1591, Supergenes silver ores were first mined. CQurrently
the district produces about 20,000 tons of lsad-zinc ors and 5000 tons
of silver ore annually.

The district is underlain by Tertiary sndesitic rocks interbedded
with basalts snd intruded by small bodies of quartz latite porphyry.

The terrane reflects recent glaciation and is largaely coversd by glacial
dabris.

The ors deposits are steeply dipping veins that strike N, 60° E,
to 8. 50° E., and average 60 centimeters wide and 300 meters long. The
principal veins are grouped around three centers, lying 5 kilomoters
spart aeloug a line striking N. 55° E. They are, from east to wast:

San SQnaéo, Caudalosa, and La Virreyna. A less important sot of veins,
sinilarly aligned, lies 2 kilometers to tha north. Most of the veins
were worked to dapths of about 30 meters, the limit of supergense enriche-
mant; but in the larger veins hypogene ores have been worked to depths
over 150 meters.

Galena, sphalerite, chalcopyrite, gnd tatrahedrite are coumoa to
all veing, but ara most agbundant in the westermmost veins at La Virrcyns.
In tha center of the district, around Caudalosa, lead sulfantimouidas
ara the comoncst ore minerala, and at tha eastern end, arcund San

Cenaro and Astohuaraca, silver sulfosalts predominate.
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Supergena enrichoment of silver is found at shallow depths in sll
depogits. Silver at San Genaro, however, was concentrated towards the
surface by migration along hypogenes physico-chemical gradients in time
and spacs, as vein material wes rawvorked by mineralizing fluids.

The pattern of wallrock alteration throughout the district grades
from silicification and sericitization adjacent to the veins, through
. argillization and propylitization, to widespread chloritization farther
avay.

Mincralization can be divided into three stages:

1) Preparatory stage, characterized by silicification and
pyritization;

2) Depositional stage, characterizod by the deposition of basge~
metal sulfides; and

3) Reworking stage, characterized by the formation of lead sulfan-
timonides from galena at Caudalosa, and the deposition of silver sulfide
and sulfosalts at S8an Genaro.

Maximm termporaturas, indicated by tha wurtzita-sphalerite,
famatinite-enargite and chalcopyrite-gphalerite assemblages, did not
excead 350° C. The low iron content of sphalerite suggests that wost
of the basc-cotal sulfidea were deposited below 250° €., Tha colloidal
habits of pyrite and quartz in the preparatory end reworking stages
imply relatively low temperaturcs of deposition, probably betwsen 50°
and 100° C.

Mincralf{zation wana shallow and pressures ranged from 17 atrospheres
in the gilver deposits to over 45 atmwospheres in the lead gulfentimonide

deposits.



Mineralization at Castrovirreyna represents an open chemical
systen in which mineralizing fluids constantly modiffed the depositional
enviromment whils they themselves underwant modification. The deposits
formed under nonequilibrium conditions from fluids containing complex
ions and colloids. Reworking and migration along perasistent physico-
chenical gradients in time and space, from s deep sourca to the west
concentrated base-mctal sulfides in the western half, lcad-antimony
minerals in the center, and silver-antimony minerals in the castsrn
paxrt of the district, Silver, sntimony, and bismuth wera kept in
solution as comxplex ions until low temperature and pressure provailed.
They document in situ reworking by reacting with existing minerals.

Physico-chemical gradients controlled the type of minerals
depogited, whereas vein structure controlled the quantity deposited.

Vein fissures formed by the equivalent of from east-west coopras-
sf{on during Andean orogenesis and mineralization probably came from

the underlying Andean Batholith.
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INTROUCTION

Purpos= and Scope

The study of the Castrovirreyna mining district was part of the
systematic sppraisal of the base-mctal resources of Peru carried out
from 1947 to 1957 by the United States Geological Survey in collaborae~
tion with the Instituto Hacional de Investigaci6u y Fomento Mineros of
the Ministerio de Fomento y Obras Publicas of the Peruvian govermment,
under the suspices of the program of technical cooperation (Point IV)
of tha United States Department of Stata. ZEuphasls was placed on ore
genesis, as these deposits are typical of the shallow, low temperature,
lead-zinc-silver minerali{zation of the Andean Cordillera.

Pield work was done intermittently from July to Rovember, 1954,
and for short periods from 1955 to 1957; field work totaled 20 weeks.
Surface geology was mapped on serial photographs with approximate
scales of either 1:30,000 or 1:10,000, and compiled on a 1:25,000
topographic base by Masias (1929). Mine geology was mapped at a scale
of 1:500 on maps provided by local mining companies or made with
corpses and tape by the suthor, About 27 kilometers of mine workings
were mapped; the most important were compiled and ara included herein.

More than 400 sarples of ore and rock were collected, and 50
polished gections and 40 thin sections prepared. About 200 X-ray
powder diffraction photographs were taken and 80 semiquantitative

Spactrographic analyses wade.



02.

Pravious Work

Previous reports on this area are generalized aconomic studies and
contain little geologic data. The earliest geologic report (Raimoudi,
1878) described the general geology, mineralogy, and mining activity of
the district. The first geologic map of the area was published by
Masias (1929). Mora recently, tha author published s preliminary report
on this area (lewis, 1956).
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I. GEOGRAPHY
A. Lleocation

The mining district of Castrovirreyna is in south central Peru in
the Provincia de Castrovirrayna, Departamento de Huancavelica, at approx-
imately latitude 13°15'S. and longitude 75°00°W. Although only 100 kilo-
meters airline from the Pacific Coast (see FPigure 1), the d;stric: lies
on the continental divide.

The mineralized area forms a delt 16 kilometars long and 8 kilo-
meters wida that runs along the north shores of the lakes, Laguna
Orcococha and Laguna San Francisco. It is bounded on the west by Laguna
Pacococha and on the east by Laguna Choclococha. The towm of Castro-
virreyna (population: 2G00) {s 10 kilometers south of Laguna Pacococha,
and 60 kilometers southwest of Huancavelica, a railhead served from

central Paru.
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B. Access

The district is accessible from Pisco, a port on the Pacific Coast,
over 175 kilometers of good all-weather dirt road, and from Huancavelica,
over 80 kilomaters of good all-weather dirt road. The principal mincs
in the Castrovirreyna district ara accessible by road from the Pisco-

Huancavelica road, which passes along the southern edge of the district.



C. Relicf and Topography

The altitudes of the region range from 4300 to 5250 meters. The
areas of greatast relief are along the continental divida, on the westarn
and northern sides of the district, where differeaces in elavation range
from 100 to 300 meters and slopes ara 20 to 50 degrees or more. Elsa-
wvhere topography is more subdued; relief ranges from 1 to 5 maters on
upland plains, and 50 to 150 meters in hilly areas.

The topography of thae area shows the effacts of alpine glaciation
of flat-lying volcanic rocks. Slopes are ateep and may have steplike
profiles, in most places terminating in rugged peaks or sheer cliffs.
Valleys are decp and charactaeristically U<-shaped. Upland plains, or
paopas, are numerous but uau;lly snall in extent, and are dotted with
suall, shallow seascnal lakes.

Laguna Orcococha and Laguna Choclococha, two large perennial glacial
lakes 8.5 to 9 kilometers long, dominate the area (see Pigure 1 and
Plate 2). Laguna Orcococha drains into Laguna Choclococha, which lies
2.5 kilometers east and 125 meters lower. Tha overflow of these lekes
belongs to the Atlantic watershed but has been diverted for irrigation
of the Ica valley, 75 kilometers southwest. The area contains several
sualler lakes, 750 to 2000 meters in diameter. The most important of
these are Laguna La Virreyna and Laguna Pacococha, which supply water

for frrigation of the Pisco valley.



D. Climate and Vegetation

Because of the high altitude, the climate of the region is cool and
temperate in spite of its proximity to the equator. Temperatures range
from about -4°C to 209C. The ysar is divided into two seasons: a dry,
cold winter from May to October and a cool, snowy summer from November
to April. During winter, the days are pleasant and very clear, but
temperatures drop to balow freezing at night. During summer, hail or
snow usually falls every afternoon, but seldom accumilates to any extant
because of rapid melting and sublimation during the sunny moruings.
Permanent ice and snow ara encountered only above 5100 meters altituda,

The cool climate and high altitude restrict vegetation to a sparsa
covering of bunch grass on flat areas and less precipitous slopes, occa-
sional recumbent bushes in the shelter of rocks and gullies, and thick
muskeg-type mosscs in poorly drained depressions and valley battoms.
There are no trees, and sagricultural activity is limited to herding
sheep, and the hardy alpaca and llama. The area 1s only sparsely

inhabited.
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IXI. REGIOHAL GEOLOGY

Andasite flows and flow breccias of the Castrovirreyna district are
part of the extensive fields of Late Tertiary volcanic rocks that cover
most of the mountainous region of southern Peru (sce Plate 1). These
rocks underlie about 60 percent of tﬁe district (see Plate 2). They are
interbedded with irrezular beds and lenses of rhyodacitic to andesitic
pyroclastic rocks. The thickness of thesa volcanic rocks around Castro-
virreyna 13 at lecast 1200 meters, by extrapolation from the highest peaks
down to the altirtude of the exposed contact with the underlying Andean
batholith.

These rocks are gencrally tilted slightly to the south, but ecommonly
show small local variations 19 attituda. A prominent faulted and tightly
folded northwestward trending anticline lies 10 kilometers northeast of
the district (sce Figure 1),

Several bodies of andesitic glass or vitrophyrae, some of which
probably mark former volcanic vents, were recognized. Small intrusions
of quartz latita porphyry crop out sparsely throughout the northern half
of the district.

Unconsolidated glacial €411 and glacial outwash deposits cover abtout

20 percent of the area.



A. Extrusive Rocks

1. Andesits

About 45 percent of tha rocks of the regioa consgist of andesite
lavas. Iadividual flows are 5 to 50 meters thick and are fairly uniform
in appearance and texture. Megascopically, they are finae-grained and
porphyritic, and are greenish dblack to dark reddish browm, when fresh.
In mineralized arcas these andesitea are gresnish gray to white,
sccording to the intensity of alteratiom.

In thin section, the sndesites consist of: (1) one or two genera~
tions of labradorite phenocrysts, (2) occasional phenocrysts of ferro-
megnesian minerals, and (3) a matrix of plagioclase microlites with
interaticial glass, specks of iron ore, rare pyroxena grains, some
ilmenite, and small apatite crystals. The overall texture is porphyri-
tic with phenocrysts tending to group together glomeroporphyritically.

Textures of the grounimsss ranga from vitrophyric, in which swarms
of tiny semiparallel crystallites and microlites are scatterad through
4 matrix of glass, to pilotaxitic, in which small feldspar microlitea
are packed so tightly that no glass remains. The most common texture
s hyalopilitic, {n which a felt of small feldspar microlites ia suspended
in & glass matrix. Intersartal textures, in which larger laths of feld-
8par lie at random in a mesostasis of glass and augite grains, were also
observed.

The amount of glass ranges from 3 to 35 percent of the rock and
Sverages about 25 percent. Phenocrysts comprise 10 to 50 percent of the
¥ock and averaga about 30 percent. They fall into two sizc groups, one
of labradorite laths 0.25 to 1.0 millimcters long, and tho other of lab-

Tadorite gnd ferromagnesian crystals 2 to 5 millimeters long.
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The average composition of the larger labradorite phenocrysts is
Angg. Zoning is pronounced and is normal or normal-oscillatory; cores
may be as calcic as Angg, whereas rims aviuge Angg in composition. The
smaller phenocrysts are also zoned and are similar in composition to the
larger onea or slightly more sodic (Angg). The plagioclase microlites
range from An,y to Angs in composition and average Angg. In unaltered
rocks, plagioclase is occasionally flecked with clay, se:icite,and cal-
cite, and slightly albitized in small patches. Many phenocrysts have
spongy centers or rims, filled with the glass of the matrix, indicating
either very rapid growth or partial remelting.

Augite ia the most common ferromagnesian mineral, comprising 5 to
10 percent of these rocks. From 2 to 5 percent biotite, and up to 3 per-
ceat hornblende were also noted. Where preserved, augite and hornblende
crystals are surrounded by halos of iron-rich carbonate, and iron oxides
and hydroxidas. Biotite is slightly bleached. Ferrosagnesian minerals
are seldom preserved, however, even in the freshest rocks, and are
usually represented by heterogenzous, fine-grained magses of calcite,
dowlingite, chlorite, epidote, finely divided anatase, iron-rich carbon-
ate, and iron oxides and hydroxides.

Matrix glass is devicrified or hydrataed to a mataerial resembling
palagonita. Devitrification {s irregular in both intensity and character,
&\d its products includa quartz, albite, and chalcedony. Thesc minerals
forn micro-or cryptocrystalline aggregates showing mottled extinction
under crossed nicols, or monomincralic mosalcs and aggregates of fine
tadiating fibors.

The calcic naturz of the plagloclasae classify thesa rocks as calcic

°f labradorite andesites. Tha abundance of glags in the matrix, tha
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textures, the scarcity of ferrouagnesian minerals, the low amount of
iron ors in the groundmass, and the complete absence of olivine preclude
the classification of thesa rocks as basalts.

2., Ancdesitic Vitrophyres and Glass

Four occurrences of andasitic vitrophyre and glasa were noted in the
district (see Plata 2). The largest, 8 spine of vitrophyre, forms the
core of a volcanic neck called Cerro Guaspijahuasr on the west sbofe of
Laguna Choclococha (see Figures 2 and 3). This neck is about 600 meters
in diameter and is surrounded by an irragular belt of sandesite vent
breccia 375 to 1500 meters wide and scattered lenses of andesitic pyro-
clastic rock.

A small lans of andeaitie glass was observed with rhyodacitic tuffs
south of Laguna Orcococha; the two othar lenses wera seen incalcated with
andesitic pyroclastic rocks north of Laguna Choclococha.

The andesitic vitrophyre is dark brown to black, whersas the andesi-
tic glasses are dark green, and commwonly show spherulitic texture,

In thin section, the vitrophyre consists of 10 to 40 percent of
plagioclase microlites, set in glass flecked with tiny skeletal crystals
and grains of opaquae minerals. The andesitic glass, on the other hand,
coutains no microlites, few opaque grains, and less than one percent
crystalifites.

3. Andesite Flow Breccias

Andasite flow brecclas comprise about 5 to 10 parcent of the rocks
of the regfon., They are uncqually distributed throughout the volcanic
8cquence aand ara found in beds end lenses 2 to 5 mcters thick, inters
calatad frregularly with unbrecclated lava. They commculy contain lenses

&d large masses of unbrecciated andcgsite, and contacts beticen tha breccia
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and the ordinary lsvas are uneven and at places gradational. Thesa
breccias are best developed west of the Caudalosa mine and in the cliffs
above the La Virreyna arca. They wors not mapped as 8 separate unit but
are included with andesite lavas (sea Plats 2).

The flow breccias are composed of fragments of andesite 1 to 100
centimcters in dizmoter in a matrix of andasite lava, which, in some
localities, contains suall amounts of pyroclastic msterial. Thay show
no badding or lineation, Some sorting is evident, however, as the
fragoents at any one locsle tend to be roughly the sams siza. The
matrix, wvhich comprises from 30 to 70 percent of these rocks, is lava,
sinilar in taxture and composition to the fragments, but different in
coloxr, often striltingly so. These breccias sre generally more intensely
altered than the andesite lavas, becausa of possible volatile activity
during brecciation and cooling, or more intense weathering due to higher
permecability, or both.

The origin of thesa brecclas s problematicsl. The lack of strati~
fication, the absanca or low perceatage of identifiable pyroclastic
materinl, the absconce of glaass, the angularity of the fragments, end en
1gneous matrix sinilar to the fragments indicate an igneous rather than
Pyroclastic origin. Frazmentation could hava been caused by autobreccia-
tion either during extrusive flow or while in the volcanic conduit prior
to extrusion. Their frregularity, thinness, and {intercalation with
massive lava sugzest, however, that they ware formed by fracturing of
bardened flow surfaces and subsaquent incorporation of fragments by the
8till fluid cores of flous during movement.

&. An'ssiva VYent Brecciag

Thick, frrojular leanses of andesite breccia flank the known volcanic
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veats, associated with lavas and pyroclastic rocks. The most conspicucus
occurrence is 8 belt 2C0 to 300 meters wide on the western and southern
flanks of the volcanic vent, Corro Quespijahuar (sce Plata 2). W. A. Lyons
(oral communication, 1961) rcported sinilar breccias within the San Cenaro
mine that crosscut flat-lying volcanics with apparent intrusive relation-
ship oa ths north and west flanks of a suspected volcanic vent at Cerro
Quaspisisa.

Thesa breccias are similar in appearance, composition, and texture
to the flow braccias, but are classified as vent breccias because of their
sssociation with volcahic vents and crosscutting relations to beddad
volcanic rocks.

5. Basalt

Olivine-£free basalts (tholaifites) are {nterbeddad wizh andeaite flows
and breccias and incrude them in dikes and gill-like bodies. Thesa rocks,
which probably couprise about 5 percent of tha total, were not mapped as
@ separate unit, but are included with the andesite flow rocka (sca
Plata 2), because in tha field they were generally indistinguishable from
andasite.

In contrast to the andesites, the plagloclase of these basalts is
Wore calcic and mora gbundant; the groundmass contains more {iron ora, has
litzle or uo glass but wore pyroxene and larger feldspar laths; textures
4re {ntergranular to pilotaxitic with a strong tendency for pherocrysts
to cluster,

Phenocrysta in the basalts range in length from 1 to 5 millireters
%od make up 10 to 30 percent of the rock. Moot of the phenocrysts are
"thmite, averaging Angg In composition, Phenocrysts of ferromagnesian

Blnerals wore cowron, but have been altared to aggregates of chlorite,
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calcite, bowlingite, epidote, halloysite (?), finely divided anatasc, and
iron oxides and hydroxides. Remnants of augite are also present. 7Tha
groundnass consists of labradorite (Angs) laths, 0.2 to 0.3 millimeter
long, set in a mesostasis of tiny augite grains, iron oxides, and small
ancunts of glass. Most plagioclasa in phenoerysts and groundmass is
fresh, although it may be flecked with clay; partly albitized; or locally
replaced by sericite, epidote, and chlorite.

The glass of tha grounkimasa is commouly councentrated in small glob-
ules and clouded with tiny opaque particles, probably of an irou mineral.
It {s alwvays altcred either to palagonfite which, in turn, may ba enveloped
by fibrous celadonite, or it {s altered to fina-grained aggrsgates of
chlorite, albite, iron-rich carbonate, iron oxides and hydroxides, and

clay minerals of the kaolin group.
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B. Pyroclaatic Rocks

1. Andesitic Pyroclastic Rocks

Pyroclastic rocks are found throughout the district but are most
abundant in the northeast and along the southern edge (see Plate 2),
They grada from fine tuff, in which most particles are smaller than
0.25 millimeter, to tuff breccia with particles averaging 50 to 100
oillimeters. Vitric tuffs or lapilli tuffs cooprise more than 70
percent of these rocks, and are composed of ash and cinders which range
in gfize from 0.5 to 10 wmillimeters. Interbedded with the pyroclastic
rocks are a few water-laid tufis that grada into tuffs of nonaqueous
origin.

The coarse~grained fractions, wvhich include lapilli, fragments of
andesite lava or pyroclastic rock, and crystal fragments, are set in a
matrix of compacted glass shards. Crystal fragments include plagiloclase,
biotite and altered ferromagnesisn mincrals, magnetite, and quartz. The
composition of the plagloclase ranges from Anz, to Ang,, and averages
Angg. All ferrcmagnesian minerals, except occasional biotite flakes,
have been sltered to aggregates of chlorite, tron oxides and hydroxides,
and finely divided anatase. The form of some of the pseudomorphs 1is
suggestive of hornblende. Quartz is rare and 18 associzted with the
wore sodic plagioclases. Glass is scldoa prescrved, and devitrificetion
or alteration products sre cryptocrystalline, granular, spherulicic, or
even fibrous. Chosts of foruar shards are visible where the devitrifica-
tion or alteration has not been too intense. Refractive indices of the
glass ghards {n the freshest matorfal available, collected Just noxth of
Laguna Choclococha, range from 1.490 to 1.575. Partial devitrification

ot hydration, rather than wide differcnces in original compoaition,
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probably caused this variation (George, 1924).

Pyroclastic rocks are vhite, gray, brownish grsy, pink, and red and
comnonly porphyritic. Lepilli tuffs show good lineation due to flatten-
ing of lapilli and shards, and all of the pyroclastic rocks have been at
least partly welded. The more highly indurated tuffs may be ignimbrites.

In the northeastern part of the district (see Plate 2), these rocks
attain an aggregate thickness of at least 200 meters, and individual beds,
1 to 40 meters thick, extend over several tens of square kilometers. The
two most extensive units of pyroclastic rocks crop out between the
Caudalosa and San Genaré mines (see Plate 2). Each unit is 10 to 140
metars thick and they are separated by 200 meters of lavas. They cone
sist of interbeddad tuffs and tuff-breccims and the lower part of each
unit includes 10 to 30 meters of medium-grained water-laid tuff.

Tuff brecclas occur only locally in bads 10 to 30 meters thick
intarcalated with both tuffs and andesite flows.

Fine tuffs are found sporadically throughout the district in small
lensss, 1 to 3 meters thick and 20 to 50 mcters in dismeter, and in thin
beds of limited arcal extent. The small uniform grain size suggests
that these tuffs werae deposited by wind In smell depresaions or as duncs.

The water-laid tuffs form beds 10 to 30 wmeters thick; they are
usually red and exhibit graded bedding. They are composed of sltered
ash and cinders, snall amounts of plagfoclasc and altered ferromagnesian
minsrals, and rarely quartz. Clastic grailns are subangular, have a
spharicity of 0.6 to 0.8, and area cemented by fron oxides and hydroxides,
fron-rich carbonsta, and a kaolinitic clay.

2. Bhyolscitic Pyroclastie Rocks

In the north and south-central parts of tha Castrovirroyna district
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ar2 two axteansive culcrops of rhyodacitic pyroclastics (see Plate 2).
These rocks covar only a small part of the area studied, but aras
compon in adjaccat areas, especially to the south.

These rocks are light colored, usually gray, white, or yellow,
similar in texture to the andasitic tuffs, but contain from 5 to 10
percent quartz and from 1 to 2 perceat orthoclase fragments.

The scuthernmost and largest outcrop lies just south of Laguna
Orcococha, covering andesitic pyroclastics and lava. It consists of
irregular lenses and beds of fine-grained vitric vhyedacitic tuff.

The northern ocutcrop of rhyodacitic tuff lies just north of the

San Genaro mine aund is a relatively massive body of lithic tuff.
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' C. Intrusive Focka

1. ‘uartz latfite Pornhyry

Numerxcus, small bodies of light-gzeen quartz latite porphyry
intruda the andasite flows ia tha northaera part of the district (sce
Plate 2). The largest of these, an irregular body about 850 mcters
long by 250 meters wida, lics just scuth of La Griega mine. A dizcon-
tinuous arcuate line of quartz latite dikes on the south side of the
valiey, Quebrada Callzj6n Cranda, nzar the Bonanza mine, appears to be
outcrops of a single dike 2.5 kilometers long that strikaes asbout
N. §0° E, Mumercus intrusions of quarta latite, 10 to 50 meters in
diameter, crop cut uzar the San Julifin portal of the San Genarc mine.
This rock cousists of phenccrysts of labradorite snd sparse augite
in 8 granular groumdmass of labradoritae, orthoclase, quaxtz, and finely
. divided opaque minerals. Fhenocrysts cocprise about 30 porcent of the
rock gnd range in eizs from 1 to 5 millimeters. The averaga compesaition
is 52 percent lsbradorita, 25 percent orthoclase, 10 parcent quartz, and
10 percent ferromagnesian minerals. Accesgsory minerals includa clear
apatite and rarely zircon., The labradorita fs flecked with clay and
replaced by calcite, epildots, opaline silica, and albite along cracks
and the edges of grains., Orthoclase 13 heavily coated with clay minerals.
The groundmaas is gencrally fmpregnated with chlorite and epidote. Ferro-
magnesian minerals includa augite and bilotita. Most augite is altered %o
chlorite, caleite, epidote, rarely ircn oxides and hydro:ldes, and finely
divided anatase, Biotite 1s slightly bleached or chloritized and in
Places rimmed with fine-grainad aggregates of siderite, and iron oxides

. and hydroxides,
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2. Adanmellite

A single occurrence of calcic adamellite (quartz monzonite), 50
oetors in dismeter, was found in the canter of the quartz latite out-
crop at la Cricga. It was too small to be distinguished from quarta
latita on the geologic map (see Plata 2). The adamellite is dark,
mottled gray and is medlium-grained with a hypidiomorphic equigranular
textura. It {s composed of approximately 135 perceat labradorite, 30
percent quarts, 15 percent microcline, 12 percant biotite, and 3 per-
cent common hornblende, plus minor amounts of magnetite, clear apatits,
zircon, dravite, and schorlite. Slight deuteric alteration haa formed
specks of kaolinite and montmorillouite on microline, aud partly
conrverted bilotlite to chlorita. Small aggregates of epidote develop
along the edges of ferromagnesian ainarals.

The adamellite 1s {ntorpreted as & coarse-grained equivalent of

the quartz latite, even though differences i{n composition ara apparent,



D. Glaciation

Glaciation during Plaiatocene and Recent times has formed ar@tes
and sarrate ridges, faceted spurs, cirques, decp U-ghaped valleys, hang-
ing tributary valleys, step-like long valley profiles, quarried surfaces,
and striated outcrops. The larger lakes of the region were formed by
morainal daming, and many of the smaller ones occupy cirques. Soxae of
the small scascnal ponds in level areeas occupy rock basins acoured by
glaclers,

Clacial till deposits are abundant (see Plate 2) and form ground,
lataral, and end moraines, Ground moraines are mosat axtensive in the
lowar parts of wide valleys, where thay are characterized by hummocky,
poorly drained terrain. Llateral moraines ars generally poorly preserved
and are found only along the sides of the larger valleys. End moraines
ara developed necar valley mouths, sand tha accunulated glacial material
is more than 50 meters thick {a some instances. The larger valleys have
threa to four end moraines,

The lower limit of glaciation in the roglon is at 3900 meters asleva-
tion, and {a marked, just above the town of Castrovirreyna, by & large
terninal moraine, an ebrupt change in vallay profile from U-to V-shaped,
and a gharp stecpening in the long-valley profile. A few siall ice and
Permanent enow caps still exist northeast of the area, near the continen-
tal divide, above 5100 mctaers elevatfon.

Clacial dabris, consisting of rounded aad subrounded boulders,
codbbles, and pebbles of andesitic volcanic rock in a matrix of saad and
Tock flour, is poorly sortad, unconazolilated, and shows little or no

8ign of weatharing.



B. Rezional Structure

Deformation of the rocks of the district during the uplift and
compression of the Andean Cordillera in late Tertiary time {3 minimsl
and resulting structures are rather simple. This deformation is
recorded in two ways: 1) by folding and accompanying tilting, and

2) by faulting.
1. Folding and Tilting

The donminant structura of the region is s simple tightly folded
anticline, about 10 kilometers northcast of the district (see Figure 1).
This snticline trends N, 45° W, and cen be traced for wore than 60 kilo-
metars., i

Within the Castrovirreyna district the rocks have gentle dips, 5°
to 20°. locally they tend to conform to surface features of the original
volcanic terrain, and dip away from topographic highs which represent
original volcanic vents. In general, all rocks are slightly tilted to
the south.

2. Fauleing

The only major fault noted in the region s 8 high angle fault
trending N. 45° W. slong the axial plana of the anticline (see Pigure 1).
Apparent vertical displacemert along this fault {a sbout 400 meters with
the northeast block lifted up.

All minor faults in the district can theoretically be related to the
sax stresgses that caused the folding end faulting of the anticline,
8lthough no direct evidence of this was found, Faults generally dip at
high angles and have suall displacements. Three periods of faulting were
Yocognized; pre-nincral, contemporancous with mincralization, end post-

mineral, Pre-uinaral faulting formed the vein fissures, Faulting during
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mineralization reopened certain veins by shear or tension, permitting

the deposition of new vein material and its accumulation at offset

flexurea. Post-mineral faults are rare, and cut veins at high angles

with small displacement.

For further details on faulting, see the section on Structural

Features of the Ora Deposita.
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IIXI, MINERAL DEPOSITS OF THE RECION

A, History

Many colorful legends about the Castrovirreyna silver mines exist.
Unfortunately, few substantiated facts and no production records, except
for recenl years, are available., O0ld reports, abandoned camps and roads,
and more than 200 mine workings indicate an intense, yet aporadic,
exploitation of silver bonanzas in the past. Eight mines were operating
in 1957, but only San Genaro was producing silver as its ma jor metal,
the others were producing lead and zinc. For location and identifica-~
tion of mines and veins, see Plata 3.

The Castrovirreyna deposits were discovered at the end of the 16th
century (Montesinos, 1591). During the first half of the 17th century,
the mines produced about 92,000 kilograms of silver per year, and were
congidered among the richest silver deposits In South America, ranking
vith Potosi and Oruro, in Bolivia, and Pasco (Cerro de Pasco) and Nuevo
Potost (Morococha), in Peru (Masias, 1929). Most of this mining activity
was centerced around the Cerro Reliquias area, in the westemrn part of the
Castrovirreyna district. Silver production declined rapidly upon
exhaustion of easily accessible ore, and from about 1670 to 1770 mining
activity was negligible.

The advent of the Cornish puup and new smelting techniques at the
end of the eightzenth century permitted the exploitation of deeper silver
deposits. Betwcen 1769 and 1852 interast fn the district was revived and
82veral econonic studies were made (Monroy, 1769; Vives de Echevarria,
1612; Maneti, 1¢45). In the early nlneteenth century, low suits, epidea-
ics, lack of easily accessible ore, and water problems nullified atterpts

to reviralfze the district (Crosaier, 1852). In the eastern part of the
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district, however, at the Astohuaraca, Quespisisa, and San Julidn mines,
where silver sulfide ore continued in depth, successful operations
recomenced about 1340,

Following the installation of pumps, the Astohuaracs mine was
worked sporadically throughout most of the aineteenth century, but lack
of fuel, improper machinery, water at depth, and lack of ore caused
complete cessation of operations around 1900,

The San Julifin and Quegpisisa veins were reopaned about 1360 by
Don Carlos Reynaldo Pflticker. Several sizeable ore shoots in both veins
were discovered. The most famous of these, La Boya de la Cruz in the
Quespisisa vein, yielded 3,000,000 ounces of silver (Masias, 1929). Ths
San Julidn and Quespisisa mines, now called the San Cenaro mine, were
sold in 1920 to Don Towds Marsano who formed the Compania Minera de
Santa Inés y Morococha, installing a hydroelectric plant at Santa Inés
and replacing the two concentrating plants at Santa Inés and San Julidn
by a new plant near the main entrance of the Quespisisa mine. In 19453,
the mine was leased to Leon Rosenshine and Assoclates who formed the
Presant Castrovirreyna Metal Mines Compaay.

Pflucker’s success at the San Cenaro reawakened Interest elsevhere
{1 the district, end around 1870 mining was resumed at the Caudalosa, La
Virreyna, and Cerro Reliquias ar=as, largely by the Picasso family, who
8130 {nstalled a mill and a crude smelter below the town of Castrovirreyua.
¥aall-gcale aining operations were carried out at Caudalosa by the Picasso
faaily until gbout 1927, whan the mine was leased to Don Agustin Arias
Carrecedo, who had been operating mines {n the nearbty Bonanza area.
Atias h21d this leass for atout 5 years, during which time he buflt a

tall Coacentrating plant and drove more than 5 kilometers of workings.,



‘on termination of the lease, the Picasso family again assumed adainis-
tration of the mina and formed the present Corporacién Minera Castro-
virreyna. The Caudalosa mine has become the major lead and zinc producer
of the region.

Although tha La Virreyna and Cerro Reliquias areas had been the
ma jor producers of the district in early colonial times, interest in
these arcas was only sporadic throughout the latter part of the anine-
teenth century and the early part of the twentieth century. 3everal
small yet determined efforts to open up old mines in the 1920%s and
1930's lead the Banco Minero del Perd to install a 60-ton-per-day custom
concentrating mill at Pacococha in 1945. Although the production of the
araa 13 still modest, its potential is being explored. Active mines in
the La Virreyna area include Carmen, owned and operated by the Francisco

.zo family, and Lira owned by Danta Castagnola. In the Cerro Reliquias
arza the Corporacién Minera Castrovirreyna is operating the Santa
Taresita and Matilde mines.

For the production records of the four principal mines of the

district (Carmen, Caudalosa, Lira, and San Genaro) sae Appendix II.
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B. Gencral Features

The ore deposits of the region are veins that dip steeply, usually
to the south, and range in strike from N. 60° E. to §. 50° E. The veina
are 25 to 2000 meters long, averaging about 300 meters, end 10 to 300
centimeters wide, avcraging about 60 centimeters. Most deposits have
been worked to deptha of only 25 to 30 meters, the limit of supergene
enrichment; but many of the larger veins have been developed to depths
of 150 meters or more,

The majority of these veins, including the most productive, are
grouped around three centers, spaced about § kilometers apart and having
an alfgnment that strikes ¥, 55° E. (sce Platas 2 and 3). These minerali-
sed centers are, from east to west, Rapids and San Genaro, Madons and
Caudalosa, and Cerro Reliquians end La Virreyna. Another group of less
fmportant deposits similarly aligned lics 2 kilometers to the north.

These include, from east to west, Astohuaraca, la Griega, Sorococha,
Ruperto, Bonanza, Seguridad, and Yahuarcocha. The western half of the
area contains a few scattared, weakly mineralized veins, which do not
it tnto thesa slignments.

Mineralization is typlcal of the upper mesothermal to epithermel
uineral deposits. Calens, sphalerite, tetrshedrits, sud chalcopyrite
T2 coxwn throughout the district., Around the Caudalosa mine, entimonian
wincrals arc sbundant, and the veins ara characterized by lead sntimonides,
stibnite, and copper sulfozalts. In the eastern section of tha district,
&round the San Genaro mine, mincralization 1s typical of the bonanza-type
luver-antimony deposits, and veins ara characterized by abundant s{lver
dntironidas, especially ncar tha surface, Tha deposits of the Castro-

Virreyun diserice probably forued st rolatively shallow depths, 50 to
A
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350 meters; low pressures, 15 to 45 atmospheres; and low teumperatures,
100° to 350°C.

The mineralization originated from a single source, probably
related to the Andean batholith, and took place during one prolomged
period, which can be divided into three stages. In the first or prepara-
tory stage, initial mineralizing fluids conditioned fault and breccia
zones for subsequent mineral deposition, by alteration of wallrock and
removal of finely triturated material. The deposition of quartz and
ssll amounts of pyrite characterize this stage. In the second or
dapositional stage, the bulk of the vein-foruing minerals was deposited.
During the f£inal or reworking stage, many minerals were redistributed
or reacted with antimony-rich mineralizing fluids forming abundant lead
and silver antimonides and producing silver enrichment towards the
surface,

Most of the veins of this district were mineralized by replacement
and removal of triturated material in faults and fault zones. The veins
at San Genaro, however, were formed in open fissures. The fracture
8ystem that provided mineral deposition sites was probably formed by the
8ane tectonic forces that folded and faulted the rocks northeast of the
district (see Figure 1).

The chemistry of mireralization controlled the character aand, to
S0 degrea, the coacentration of ore minerals. The near-surface con-
¢entration of silver was caused by supergene and hypogene processes;
the extrenely rich, surficfal silver ores comon to the district wera
deposited by descending supergena solutions, whereas the increase in
$ilver and antimony upon approaching the surface at the San Genaro mine

W3 cauged by asca2nding hypogene solutions. Supergene enriched ores
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extend to 30 mecers depth. The hypogene enriched ores are found from
15 to 150 metera below the surfacs.

Ore shoots reflect the physical environment of deposition and are
generally at flexures, where brecciation of the wallrock was most
intense or where open fissures were videst after offset., Ore shoots
range from 1 to 3 meters wide, 15 to 300 meters long, and 20 to 100
meters high.

Altaration of the wallrock follows the sama pattern throughout the
district, and reflects the intensity rather than the stage or type of
uineralizacion, Within or imnediately adjacent to vein structures,
silicification aend sericitization are predominant. Proceeding outward
from the veinas a narrowv zone of argillization is firat crossed, then a

wide zone of propylitization, and finally s zone of wide-spread chlori-
tization.



C. Mineralogy
1. Ganaral

The mineralogy of the veins of the Castrovirreyna district is
complex, but can be divided into several groups on the basis of genesis
and distribution. Tabtle I ia a tabular resumé of the vein-forming
minerals identifiad in the Castrovirreyuna district, arranged both by
genesis and gecgraphic aistribution. Individual mincral descriptions
following this tabla are srranged according to Dana's system. For
location of mines referred to in these descriptions, see Plate 3.

Identification of all of the sulfosalts and many of the oxides
and sulfates was made by X~-ray powler diffraction methods. For X-ray
and spectrographic data on many of these minerals, sece Appendices IV
and V,

For photographs 1llustrating many of the mineral habits and

relationshipas mentionad, see the sections on the Rature of the veins

and Paracsnaesis,
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Table 1I: Distritution of vein-fornins ninerals cf the Castrovirrayna

minfne districe

PRIICIPAL DEPOSITY

Base-matal Lead-aatincny Silver-antimony
deposits deposits deposits
Lira mine Csudalosa mine San Genaro nina
Carmen mine Candularia nina Astohuaraca mine
Santa Teresita mina Ruperto mine
Matilda mine
Bonanza mine
Répida mine
La Griega mine
‘SECONDARY MINERALS
xidation and leachin~ oroducts

Antirony oxides
Azurite Azurite Azurite
Calecite Calcite Calcite
Carusaite Cerussite Cerussite
Malachite Halachite Malachite
Chalcanthita Chalcanthite Chalcanthite
Gypeum Cypsum Cypsum
Melanterite Jarosita Quartsz
Quarts Melanterite Lizonita
Limonite Pozenite Wad

Quarta

Limonite

Vad

Sunersenae Mincrals

Copper Silver ® Silver
Silvar = Acanthito # Acanthlite
Acanthitre # Chalcocite Chalcocite
Chalcocite Coveallite Covallita
Covellita Galena CGalena
Calena Marcasita Miargyrite
Marcasite Sphalerite Polybasite
Sphalerite Misrgyrite Pyrargyrite
Miargyrite Pyrargyrita Cerargyrite

Pyrargyrite




Table I -- continued

PRIMARY MINERALS

Base-metal Lead-antimony Silver-antimony
daposits depogits depoaits
Gold Gold Cold
Chalcopyrite Chalcopyrite Acanthite
Galena Galena Chalcopyrite
Pyrite Orpiment Galens
Sphalerite Pyrite Pyrite
Tetrahedrite Realgar Sphalerite
Hematita Sphalerita Stibnite
Calcite Stibnita Hurtzite ¥
Rhodochrosite wurtzite Arsmayoite
Barite Bournounite Bournonite
Xaolinits Chalcostibite Miargyvite
Montmorillonite Enargite Pearceits
Quarts Famatinita Polybasite
Sericite Geocronite Pyrargyrite
Semsayite Hematite
Zinkenite Rhodochrosite
Hematite Sidavite
Rhodochrosite Barite
Barita Allcophana
Gypsum Dickite *
Lzolinite ftyalophana
Montmorillonite Kaolinite
CQuartz Montmorillonite
Sericits Quartz
Sericita

®* Reported occurrenca, not coaufirmed,
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2. Description of Individual Mineral Specias

a. Hative EZlements

Copper - 5mall amounts of native copper, assoclated with chalcane
thite, were seen in the Lira mine, forming friabla crusts and granular
masacs filling cracks in the vein wall, scme 40 meters below the
surfaca.

Cold - All of the ores assay small smounts of gold, but notable
anounts have been reported only from the San Genaro mine. Minute grains
of gold are associated with antimonian minerals, especially those of
silvor. .

At least two prospects have besn workad for gold, Siglo Nuevo, east
of the Rdpida mine (Eaock, private report, 1910) and the Tres Paisanos
prospect, on the north gshore of Laguna San Francisco, but neither was
successful because of low tenor,

Silver - Native silver was one of tha principal ore minerals in the
zone of supergene enrichment overlying both basa metal veina and silver
veins (Crosnier, 1352). During this study it was gseen only in the Juan
de Dios adit, San Cenaro, about 20 meters below the surface, as isolated
vires, and thin sheets in massive and platy barite.

b. Sulfides

Acanthite « Acanthite was identified in silver ores of the San
Cenaro min2, and plata nogra (acanthite) was abundant in the surficial
0res of the Cerro Reliquias arca according to Crosnier (1352). At San
Genaro acanthits haa two habits: 1) lacy mats, interstitial laminge, and
8008y coatings on hypogene and supergene vein minerals near tha surface;
4nd 2) isolatad anhedral grains in quarts and in the centers of polybasita

€rystals {n the decpor, unaltered vela material.
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Acanthite is the low temperature dimorph of argentite and is the
stable modification below 1759C, the temperaturs of transformation
(Kracek, 1942; and Ramadell, 1943).

Chalcocite - Small amounts of sooty chalcocite are present in most
of the supergene ores, but less so over tha silver ores than elsewhere.
It coats and replaces hypogene sulfide minerals as sooty films and
azgregates.

Chalcopyrite - Chalcopyrita, common to the district in small amounts,

i3 a major mincral only in the westerumost mines and in certain sectioms
of tha San Genaro mine. It forms anhedral graina with quarts, sphalerite
and tatrahedrits, and tiny veinlets or blebs {n sphalerite. In the Lira
and Carmen mines, chalcopyrita lines wvugs along with quartz, sphalerite,
and tetrahedrite, and lias in the centers of large tetrazhedrite crystals.

Covellite - Small amounts of covellite are widely distributed in
the near-surfaca vein material, as thin films on sphalerite, pyrite,
chalcopyrita, and tetrahedrite, and in association with native silver,
acanthits, and supergene galena. Moreover, covellite forms frridascent
f1lms on sphalerite far below the sone of enrichment.

Calena - Calena, an important and abundant ore mineral throughout
the district, forma masaive bands, knots, and coarse-grained aggregates,
in @ssociation with quartz, sphalerita, tetrahedrite, pyrite, and
chalcopyrite. In the San Cenaro mine, galena 1s associated with both
basa-metal sulfides ead silver antimonides, snd is also in gmall sub-
bedral octahedral to cubo-octahedral crystals In drusy eggregates of
barite gnd sphalerite. In the Caudalosa mine, galena {s gensrally

&ccompanied by zoncs of the lead anticomides, geocronita, semsoyite, and

. sinkeonice, Streally bands of fine-grained "stcel” galena, showlng curved
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cleavage in polished section, and galena crystals 5 centimeters across
are characteristic of the Carmen and Lira nines.

Yarcasite - Small amounts of marcasite were identified in polished
scctions of ncar-surface ores from localitias, principally in the
Caudalosa mina., It replaces pyrite along small quartz-filled cracks or
occurs as isclated grains in quart=z.

Pyrite - Pyrite was abundant in every deposit examined, dissemina~
ted in quartz or sulfides, in wallrock, and in bands of polycrystallina
azgregates with quartz, sphalerite, or tetrahedrite. At the Caudalosa
aine, pyrite is also in colloform, semimassive vuggy stringers, 1 to 20
centimetars thick and thick, porous shells rimming isolated breccia
fragaents., Pyrite crystals are subhedral pyritohedrons, or cubes, when
disseninated in massive quartz or wallrock. They commouly have two to
six growth rings. Spoungy balls of pyrite, with centers of gphaleritas,
tatrahedrite, or galena, were noted in massive and banded quartz.

Realrar and Orpiment - Realgar was observed only in the Caudalosa

vein of the Caudalosa minz as tiny stringers in siliccous vein material,
as short prisnatic crystals coating massive banded pyrits, or as tiny
{nclusions in late barite crystals.
Orpimant 1s an alteration product of realgar, usually coats {t,
Sptialarire « Sphalerite, the coumouncst ore mineral of the districe,
forns monomineralic stringers 5 to 50 millimeters wide, knots mixed with
quarta and sulfidaas, crystals lining vugs, or irregular buttons aund
¢olloforn crusts. 1Its habit is massive, or finely to coarsely crystale
lina, Crystals are 1 to 4 nillincters in diameter, but in the Lira
Bine are up to § contim:ters across. Colors renge from dark reddish or

8rcaaish brown to bright oranga and golden yellow,



. 35 -

The darkar sphalerites coumonly coatain tiny blebs of chalcopyrite,
and ara assoclated with galena, chalcopyrita, pyrite, quartz, bournonite,
tetrahedrita, and wurtzita. The lighter sphalerites never comtain
chalcopyrite and are charactaristically assoclated with lead and silver
sulfosalts. The buttons and eclloform crusts of reddish sphalerite,
assoclated with barite and galena, line vugs and cracks throughout the
district. Bright yellow, fragila acicular aggregates of sphalerite were
detected in the Caudalosa vein pseudomorphing stibnite,

The iron content of sphalerita is low, ranging from about 0.01
percent in the lighter colored varisties to e meximm of about 0.9 per~
cent in the darker ones (sce Table 37). In thin section, many sphalerite
crystals show oscillatory zouing, with colored bands separated by zores
of clear sphalerite.

Stibnite - Stibuite was observed in the Caudalosa and Pitonisa
mines, with rhodochrosite and quartz, in gouge-filled faultr zomes that
cut or parallel veins, cementing brecciated gilicsous vein material, or
lining wugs, cavities, and small fractures {a veins. W. A. Lyons
(personal coamunication, 1961) reported stibnite and rhodochrosita on the
A level of the San Genaro mine in veinlats paralleling the Bella 2nd San
Julisa veins. Stibnita forms colimnar masses or radiating or confuged
8ggregatas of elongera prismatic or acicular crystals, coumonly covered
with a sacond generation of hair-like crystals.

Burteite - Wurtzite was f{dentificd in ore from the 45370 level of
the Caudalosa vein in agpregates of short prismatic crystals 5 to 3
millimeters across and roscttes of tiny hexagonal plates, assoctated with

sphalerite and lead sulfosalts, espocially bourionita, HWurtzite also was
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. reportad from the Quespisisa vein, San Genaro (Palache and others,

1944) as tabular crystals up to 8 millimeters ascross.

¢. Sulfosalts

Aramayoita - Aramyoite was found in ths rich nesr-surface silver
ores of the San Julifdn section of the San Cenaro mins, ss isolated
anhadral blabs or subhedral plates in quartsz, or intergrown with massive
miargyrits, pyrargyzite, and polybasita.

Bouruonite « Bournonite is s common mineral in the Caudalosa,
Candalaria, and Buperto mines, but slsevhars is rare. It forms maassive
stringers 0.5 to 10.0 millimeters wide associated with other lead sulfoe
salts, gencrally semscyite and zinkenite; as thin bends separating
massas of totrahedrite and galenn; or aa irrvegular stringars, patches,
or bdlebs in tetrahedrite, It also linza vugs as stubby or elongate

. prisms, comparable to those from Harz, GCermany (Palache snd others,
1944), or rosettes of subparallel wheel-like plates, both less than 1
uillineter across. Sumall amounts of bournouite are associated with
galena gnd tetrahedrite at San Genara.

Chalcostibire « Small quantities of chalcostibits coat famatinite
&d tetrghedrite or replace enargite as thin mats of fine crystals in
the Caudalosa vein., Crystals are usually tebular and comparsble to
erystals from Cejar, Spain (Palache and othars, 1944).

Enarcite < Enarcite was obsorved oemly in the Caudslosa vein, sssocis~
ted with colloforn, banded pyrita. Stevanovic (1903) reported tabulsr or
Prizgtic pscudohexazonal enargite crystals froa a vug in this mina
8ss3ciated with "aatiroafan-luzonite™ (famatinite) end stylotypite, which
' Va3 fdentified as totrahedrite by Ramdohr (1943). Inargite is massive

end ¢orzionly Intergroun with famatinita, Enargite and fanatinite have
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been largely replaced by younger tetrahedrite and tetrahedrite-
bournonite~-pyrite nixtures.

Famatinite < Famatinita is found only in the Caudalosa vein,
Caudalosa mine. It is massive and sssocisted with enargite and colloform
pyrite, tetrahedrite, bournonite, and chalcostibita.

Geocronite - Geocronits is an abundant lead sulfosalt in the
Caudalosa, Candclaria, and Ruperto areas. It rims galcna or replaces
it ia tiny stringers and blebs. It also replaces sphalerite or forms
isolated knots in semseyite and bournonite. Ceocronite is usually
wassive or very fine-grained granular, but stubby prismatic crystals or
mats of irregular elongate plates and acicular crystals line cavities.
Small (lesa than 0.5 mtllincter) equidimensiongl subhedral grains inter-
stitial to quarta and other lead sulfosalts were also secn. Geocronite is
usually enveloped by semseyite, and was nsver observed in direct coutact
vith any sulfides other than galena, sphalerite, seuseyite and rarely
bournonite and pyrite.

Miarsyrite - Miargyrite ia abundant at the San Genaro mine and is
%ot common alsevhera. It is a principal constituent of tha gemicrystal-
line aggregates of silver sulfantimoaides £11ling quartz-lined cavities,
Or cementing quartz fragments. HMiargyrite 1s also found fn the colle-
fom banded ores of San Cenaro and, at depth, as crystals in quartz-lined
Vugs or as anhedral grains in quavtz. Miargyrite, together with pyrar-
yrite, tetrshedrite, galena, and ephalerita, fills or coats f£ractures in
Veln marerfal throughout the San Cenaro mine and the shallow parts of the
¥elns around Cerxo Reliquias. Crystals are usually thick, tabular prisms,
often triangular in cross section, and seldom mora than 2 millimcters in

leagen, Crystal faces comonly show two sets of well-developed striae,
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Pearcaite - Pearceite, {dentified only in silver ores from tha 35
Qovd of the Quespisisa yein, San Genaxo mine, occurs in flat suthedral
rabular crystals in a veinlet of clesr quazta cutting banded quarta
containing tetrahedrite, galens, and chalcopyrite.

Polybasite - Polybasite is common {n the San Genaro and Astohuaraca
aines, but was not tdentified elsewhers. It forms massive or semicrystal-
1ina aggragates {intimately assoclated with pyrargyrite, or isolated
crystals and anhedral grains in quarts, associated with acanthite.
Crystals ere short, gabular plates, 0.5 to 2.0 millimeters in dianeter,
coumonly showing well- developed triangular striae.

gzgargzgiza - fyrargyrlt’e 4s the principal ore aineral in the San
Cenaro and Astohuaraca mines. Minor quentities were seen in the near-
surface ores of the Cerro Reliquias area and it is probably the rosicler

. reforzed to by Crosnier (1852) and others. At San Cenaro pyrargyrite
has many habits. In gupargene ores it forms thin laminae and filma
coating barite or quartz and replacing tetrahedrite, assoclated with
sooty chalcocite and acanthite, and vire silver. Pyrargyrite is a major
constituent of the massive gnd semicrystalline aggregates of sulfides
f1llfns cavities in veln quarts and cementing quartz fragments. it is
also in banded, colloform quartz, associated with hematite, manganiferous
siderita end miargyvite. Anhedral grains of pyrargyrite appear in scans
of closr crystalline quarta in vein centers or cross-cutting older vein
material, elong with miargyrite, polybasite, and acanthite. Finally,
Prrargyrice £1lls cracks in vein material, coating sulfides and gangue
Bilaarals alike throughout the Som Ceznaro mine and the near-gurface ores

of tha Cerro Reliquias area.
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Semgeyite - Semseyita is an abundant constituent of the lead
antimonide oras of tha Caudalosa, Candelaria, and Ruperto mines, but
was not seen elscwhera in tha district. It is fidbrous and generally
forms 1- to 10-millimetora bands or fibrous mats coating or replacing
geocronite. Fibrous aggregates of scmseyita in barite £fill small
cavities. Crystals are generally elongata prisms 0.1 to 1.0 milli-
meter long, but one occurreace of eight-sided tabular plates of gsemscy-
ita, 0.5 to 3.0 nillimcters across, was noted coating tetrahedrite.

Tetrahedrits -~ Tetrahedrite is found with all types of mineraliza-
tion &n the dfscxrict, as Emall stringers, crystals in vugs, in the
interior of multilayer knots of sulfides, and mixed with medium- to
coarse-graincd aggregatcs of sulfidea. In the base-metal veins, it
forna massive knots and bands 3 to 100 millimeters wide and commonly
contains small amounts of disseminatad quartz and pyrite. In the silver
veins at Sen Cenaro, it {s intergrown with pyrargyrite, coats voids as
tiny sublimate-liks branching clumps, and £ills cracks es granular
aggregates or subhedral prismatic crystals along with pyrargyrite,
miargyrite, or galsna and sphalerite. Crystals are generally tetrahedral
&1d at the Lira mine mcasura up to 5 centimeters across. At San Genaro
suall dodacahedral crystals wera observed.

Zinkenite - Zinkenlte 1s comoon in the Caudalosa, Cendelsria, end
Ruperto nincs and traces were noted in veins at the Madona srca. It is
8sgociatad wicth other lead sulfantimonides and stitunite, as well as very
lata or even supargona minerals. Zinkeaite typically forms cross-cutting
Velalets together with quartz and pyrite or fibrous bands coatinz semsey-

fte. smaiy patchas of zinkenite form in scmseyite, sphalerits and
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bournonite., Although associated with galena and geocronite, zinkenits
is never found in contact with them. Late zinkenite coats stibnite,
or £ills small cavities in quartz, sphelerite, semseyite, or bournonits
in mats and aggregates of loosaly packed, minute crystals, and is
associated with covellite, gypsum, anglesits, and micaceous hematite.
Crystals arae acicular and saldom more than 0.5 millimetar long. The
largest crystals observed, about 2.0 millimeters in length, were grouped
like sheaves of wheat. The usual color is steel gray and crystasl
aggregates have a soot-like appearance. Some ginkenite, however, is
golden tan, rust red, or iridcoscent purple, probably resulting from
thin filmgs of covellite or hematite.

d. Oxides

Aotinony Ovidos « White to yellow, granular or fine-grained anti-

mony oxides coat the lead-antimony ores at the Caudalosa mine and else-
vhere. They are found in dump mazerial and in old workings, associated
vith gypeum, jarosite, hydrous iron oxidss and sulfates, and rarely
chalcanthite. Most of this oxids is probably the hydrated oxide
stibiconite, but fdentification was not verifiad.

Bematite - Fine-grained disgeminations of hematite in quartz were
observed in all of the deposits of the district. It is especially
Sbundant at San Cenaro where &t occurs sporadically throughout the
¢olloform ores in quartz bands that have a low silver content, as die-
seaingted necedles, charactoeristically grouped around corroded bess-
®etal gulfide grains. It s most abundant fn the breccia bands in the
Trabajo vein and may have been derived from the breakdown of pyrita.

Loose £f1lms or mats of fine micaceous hematite also f£111 wvugs in

sulfi{dag decp within the San Genaro and Caudalosa mines. Furthermora,
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hematite was seen as inclusions in late barite and quartz. It is not,
however, a comaon mineral in the zous of oxilation, and is noticeably
sbsent in the supergens ores.

e. BRalides

Carargyrita - Cersrgyrite is a rare mineral in tha district and no
mention was mada of ft in old reports. Tiny, yellow-brown, waxy buttous
and thin crusts of cerargyrite coating quarts wera seen in oxidized
silver ores of the east or Crau section of the Trabajo vein at San
Genayxo, associated with limonite.

£. Carbonates

Calz-{ta ~ Calcite is 3 notable vein-forming mineral in the Madona
arca, whers {t forms massive bands and £1lls vugs in the banded base-
metal and rhodochrosite ores, and at the La Griega mine, where it forms
fibrous bands and drusy coatings on quarts, Swmall amounts of calcite
ara associated with oxidation products in the nesr-surface portions of
veins as tiny crystals and fibrous laminae coating vein minerals and
£11ling cracks throughout the district. Calcite is also & coumon, but
ot & plentiful, product of wallrock alteratioa.

Cerugsite - Small amounts of cerussite wara observed throughout tha
district {n the oxidized vein material, as grainy films, usually on galena,
aad assocfated with limoaite, wad, quartz, calcite, and copper carbonates.

Malachito and Azurite - Small anwunts of malachite and traces of
&zurite fn effloreacant clumpa form on the oxidized orea throughout the
districe, geaerally in well-aerated places, such as old surficial work-
inzs, old f£111, end mine durps. They are more abundant in the western
Part of the area, where the copper content of the veins {s higher and

8tandoned wina durps sre more numeroua.



. Rhodochrosite « Rhodochrosite i3 common to the district but is
most abundant in the Caudalosa vein, where, with stibnite, it £fills
faule zones, lats fractures and vugs, or cements siliceocus breccia.
It is massive, with highly contorted bending, or forms semimassive
to crust-like aggregates of small, flattened rhombohedral crystals.
At the Madona mine, crystalline and massive rhodochrosite is inter-
banded with base-metal sulfides (especially galens) snd calcite, and
with quarts near the vein centers. It was also reported (W. A. Lyons,
personal cocxmnication, 1961) in the upper levels of the Balls vein,
at the Sgn Cenaro mine, interbanded with quartz. Elsewhere in tha
district, rhodochrosite is found as isolated crystals in cavities,
or filling small fractures cutting all other vein-forming minerals.

N:* for Castrovirreyna rhodochrosite ranges from 1.705 to 1.713,
indicating relatively pure manganese caxbonata (Winchell, 1951),

S$ideritc « Small amounts of manganiferous eiderite were noted in
the intricately bended, colloform quartz at the San Cenaro mine,
either as snhedral grains sssociatad with sericite and silver antimomides
ot intimately mixad with finc-grained quartz and gssociated with shundant
disscuingted hematita,

Bg' rvanges from 1.735 to 1.750, indicating menganifercus fxon
carbonate (Winchell, 1951).

g. Sulfates

Barite - Barite i3 comion at the S8an Cenaro mine, in the upper part
©f tho San Pedro voin et Caudalosa, and in the Mata Caballo vein et
Cazrro Reliqufas. Elscvhore it 18 not coumon, Barite is messive or
. forns aggregates of thin tabuler platas £illing or 1lining vugs and

fr -
aclures, or occurs as s-attered single crystals in massive quartz or
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rhodochrosite. Individual crystals are 1 to 2 centimeters square by

1 to 2 millimeters thick and are often coated with a second generation
of smaller barite crystals containing inclusions of realgar (San Pedro
vein) or finely divided hematite (San Genaro mine). Throughout the
district, but especially at Caudalosa and San Ganaro, barite forms
drusy aggregates with galena and sphalerite. At San Genaro it is
commonly associated with the rich silver ores.

Chalcanthite - Chalcanthite, the most common oxidation product of

copper minerals in the district, forms fragile, matted encrustations
of thin tabular crystals on the walls and vein surfacss in old mine
workings., It also forms tiny buttons and plates coating copper
sulfides. Hydrous iron and antimony oxides are its commonest asso-
ciates, When dry, chalcanthite is comuonly coated with a greenish-
vhite, translucent powder, probably CuS0y, .Ho0 (Palache and others,
1951). Chalcanthite accumulates wherever water, percolating down
through old fill or brecciated vein material, evaporatas; and is
frequently found in minea workings far balow the zone of oxidation.
The most notable occurrence of chalcanthite is at the Candelaria mine
where it coats the wvalls of the lower adit with extensive, fragile
sheets 2 to 20 millimeters thick.

Gypsum - Cypsun forms throughout the district in or near the
Bon2a of leaching end enrichment or below £i11 or fractured vein
matarial as gcales, crusts, and fibrous aggrepates, in association
vith hydrous iron and antimony oxides and hydrous ferrous and cupric
Sulfates, Cypsum {s also in hypogena ores as aclcular crystals, up to
3 centimoters long, coatinz vugs and cavities in unaltered vain

Ratorial in assoclation with stibaite, barite, and quartz.
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. Jarosita - Small amounts of jarosite were identified as very finc-
rrained, powdery aggregates in cavities in oxidized vein material,
issociated with hydrous iron and antimony oxides.

lelanterita and Pozenita « In the Caudalosa wmine, melanterite was

ldentified glazing partially oxidized vein material, associlated with
antimony oxides and limonite, It is quite common in tha upper parts
of the mine in old £fill or stopes.
Pozenite forms as a dessication product of melanterite, which it
coats as a translucent vhite powder.
h. Silicates ’

Clay mincrals - No formal study of the clay minerals was under-

taken, but perfunctory studies indicate that minerals of the kaolinite
group predoninate in both altered wallrock and vein material.

Kaolinite is a major constituent of the argillized wallrock sur~
rounding the veins throughout the district. In vein quarta, kaolinite
fs found as disscminations snd in wallrock fragments. At San Genaro,
it vas also identified together with saericite, quartz, and bdarite in
the wvhite powder that coats vein material, £f1{11ls vein cavities, and
forms {rregular patches in quarta or carbonate bands,

Balloysite and allophana were identified optically in the thin
glaz: coating small intergrown sphalerite, galena, and quartz crystals
fron vugs and cavitics in tha banded quartz at San Genaro. This glaze
is thicker on the under side of the crystals, giving {t the appearance
of having been gprayed on.

Illita was reported in the argillised rocks of San Cenaro (W. A,

oas, porgonal coruraication, 1961)., The prescnce of dickite in these

Tocks {s guspooted, but nnt confirmed,
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Montmorillonite group clays were identified optically in tha
argillized rocks in and adjacent to veins, closecly assoclated with
kaolinite,

Quarts - Guartz, the most common vein-forming mineral in the
district, forms narrow stringers, thick bands, semicrystalline porous
aggregates, anhedral grains mixed with sulfides, crystals lining
cavities, and microcrystalline impregnations in wallrock fragments
within the veins. The typical habit is massive, however, prismatic
cryatals, 1 to 10 millimeters long, are &lso common,

Magasive quartz is coarsaly crystallina, somevhat milky in sppecar-
ance, and flecked with inclusions of altered wallrock and dissemina-
tions of pyrite and clay minerals. Barxled quartzs, vhich is bdest
devaloped at San Genaro, shows intricate, contorted, and commonly
variegated or colloform banding. Individual bands ars cloudy, clear,
or colored, snd either microcrystalline or coarsely crystalline. They
ara solid end denss or porous and vuggy with comb structures. Individe
ual bands may be purs quartz or contain gulfides, chlorita, crystals
of barite or siderite, disseminations of hematite, or pockets of
sericite and kaolinite. S8Some bands shou brecciation healed by younger
Quartz or silver antimonides. Some of the massive milky quarta shows
deagication cracks, end bands of impuritics extending through several
eontiguous crystals fmplying that {t precipitated as a hydrous,
colloidal gel, wvhich later dehydrated and crystallized.

Ancthystine quartz is common at San Genaro, sparingly prescnt st
caudalosa, and rare elscwlicra in the district. Sasll amounts of jasper
&Te found {n all doposits. Chalcedony 1s comwon in the volcanic rocks

¢ tha region, especially the pyroclastic rocks, where it forms tandad



4] -

or mottled red and whita veinlaots and pods.

Sericite - Sericite 1s characteristic of tha intensely altered or
gericitized sons of wallrock adjacent to vsin atructures. Within the
veins, sericite i{s found as disseminations and pods in massive or banded
quartz. Sericite is also found with pyrargyrite, miargyrite, tetra-
hedrite and other late minerals 1lining narrow, cross-cutting secams.

i. Mincraloids

Limonite Chydrous fron oxides) -~ Consideradble amounts of limonite

are found in the oxidized zona of the veins of the district as earthy,
locse or porous masses, and varnish-like coatings on vein material.

It 1is assoclated with a;nganesa axides, hydrous antimony oxides, and
other ox{idation products. Some limonitic gossan contains apprecilable
sounts of suriferous quartz (Eanock, private report, 1910), but most
of it is without value,

¥ad (ma--~ancse oxidas) - Small gmounts of indeterminable black

mangancsa oxidas wers observed mixed with hydrous iron oxides in
gossans and sxidized ores or costing weathered rhodochrosite. This
mineraloid is most gbhundant in the oxtdized parts of the Cgudalosa
vein, but was slso notad elsevhera in small amounts. It appears to

have formed solely from the decomposition of rhodochrosite.



D, Wallrock Alteration

In the Castrovirreyna district hydrothermal alteration of tha
wallrock 1s zonod around the veins. The alteration scheme i3 the same
throughout the district snd can be separated into five gradational
zoues, which ars, in order of increasing intensity, the zones of chlor-
itization, propylitization, argillization, sericiti{zation, and silici-
fication. The width of these zones depends on the permcability of
wallrock and the size of the enclosed vein. The intensity and type
of alteratioun is a function of temperature and the circulation of
hydrothermal fluids, and {s epparently independent of the type, charac-
ter, and staze of associated mineralization. Chloritizatiom, the low-
ast degree of alteration, is the oldeat and the most distant from the
veins.

1. cChloritization

The most extensive, but least intensive slteration {s chloritiza-
tion. Hearly all the rocks of the district have been somevhat
chloritized; glass {s devitrified and pyroxenes and amphiboles are
partially or coupletely converted to chlorite and magnetite; biotite
is partially bdleached; and sericite has formed on plagloclasa.

2. Propylitization

From 10 to 100 metoers from the veins tha rocks are propylitized,
Yerromagnesisn minerals are coupletely couverted to chlorite and finely
divided gnatasec; groundmass {3 altered to kaolinite, chlorite, {ron
oxides and albite; end calcic feldspars are largely converted to
Scricite, albitae, calcito, keolinite, end opaling silica. The original

taxtures of these rocks are still easily recognizable.
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3. Argillization

The rocka ars completely altered to clay, quartz, and some calcite,
albita, and iron oxides within 1 to 10 metars of the veins. Original
macrotexturz2s can still be discerned, but groundmass textures are
completely destroyed. Kaolinite is the dominant clay mineral and
montmorillonita, i{llite, and dickiZe are suspected to be present.

4, Sericitiration

Adjacent to the veins, wallrock is sericitized in a zone 3 to 100
centimeters wida., The rock ia completaly bleached and converted to an
sggregata of sericite, llxydrmic:. and clay, inte which varying smounts
of calcite, quartz, barite, and disseminatad pyrite have been introduced.
All traces of original taxtures have been destroyed.

5. Silicification

Within or imediately adjacent to the vein structures, quarts
complataly replaces wallrock. Minor amounts of gsericite, kaolinice,
and montmorilloni{te ars present as well as disseminations of pyrite
that commonly ocutline former breccia fragments.

6. Altaration Procassas

Rock alteration involved thres different yet concomitant processas:
decomposition, lecaching, and additfon. The dominant process in the
Toncs of chlovitization and propylitization, waa decomposition of rock-
forming minarals, without esscntial changes in the bulk chemical
Copagition, HMafic mincrals decorposed first, followed by the ground-
Bass and finally the feldspars.

43 the circulation of hydrothermal fluids and temperature incrensed
decomposition was complets and leaching became important. Perroua iron

80d magnesiua were first removed, thon potassium, calclua, sodiu, and
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finally ferric iron and titanium. The end products of this hydrotharmal
leaching were argillized rocks, consisting mainly of simple alumimm
silicates and quartz. Couplata removal of calcium, sodium, potaseium
end ferric iron was scldom observed, and even the most intensely
argillized rocks contain amall amounts of calcite, albite, hydromics,
and hematita.

Where alteratiou was most intenge, addition played an important
role. In the iomediata vicinity of the veins potassium was introduced
into the previously argillized rock, forming sericita and hydromica.
At the same tine small smounts of quartsz, calcite, and pyrite were
depositad. Within and adjacent to the veins, silica accowpaniad by
minor quantities of barite and pyrite almost completely replaced

altered wallrock.
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E. Oxtdation and leaching

Although the upper parts of most vaing are inaccessible and out-
crops excavated or covered with debris, enough information on leaching
snd oxidation was obtained to draw general conclusions.

Vein outcrops are messive to semiporous quarta and seldom are
more than a mater high., Above the ground surface they ars generally
leached of all motallic congtituents except for minor amounts of irom
and mangencse oxides, Hassive vein quarts from outcrops or £loat in
the San Cenaro arca, howcver, may assay 100 grams or more of silver
per ton, dua to tiny graians of primary silver minerals locked interw
stitially betweecn quartz grains and protected from weathering.

In the first 10 to 50 centimeters below tha surface minerals
residual from extreme weathering appear, such as, hematite and manca-
aese oxides. Bclow 5O centimeters depth chalcanthitae, azurite,
malachite, calcite, ccrussite, gypsum, anglesita, jarosite, ferrous
sulfata, limonite, wad, and hydrous antimony oxides form. Cerugsite
and calcite are the only secondary carbovates found at mora than a
metar's depth, but sulfates do form wherever percolating waters
avaporata,

Coaplate oxilation of tha metallls constituents of thae veins
82ldog extends mora thaa a moter or two in depth, but partial oxtda-
tion, espcclally of copper and antimony mincrals, extends to deptha
of 20 moters or morc. The shallow depth of oxidation 1s probably
€8uged by a hizh watar table. Wherever the water table has been
lovered racently, either naturally or by mine workings, partial

%:idation extends to dopths of 50 meters or wora,
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Although the oxidized vein material does sot gensrally have
econonic value, lfmonitic quartz at Siglo Soerw prospect in the
Rapida arca wos roported to have up to an o:s of gold per ton

(Enock, privats repore, 1905).



F. Supergene Enrichment

Information on supergena ores of the district is incomplete
because ucar-surface workings are {naccessibls and old reports lack
reliable data. According to Montesinos (1591), Monroy (1769),
Croanier (1352), and others, early mining activitiess exploited near-

surface ores rich in plata blanca (native silver), plata neprs

(acanthite), and plata roja or rosicler (silver sulfantimonides) to

depths of 10 to 25 meters on both the base-metal veins and the silver
veins.
1. Base-motal veins

The zone of supergens enrichment in the base-metal veins of the
Caudalosa, Cerro Raliquias, and La Virreyna areas (see Plate 2) extends
from about 2 to 25 melers below the surface. Supergene minerals, how-
ever, may form 10 to 25 meters deeper.

Silver 1is the principal metal enriched, but small amounts of
copper and smaller amounts of lead and zinc are also concentrated,
The tenor of these supergenc ores is not accurately known because no
modern data are available. Monroy (1769) stated that surficial ores
of the Cerro Reliquias arca contained from 200 to 1700 grams of silver
per ton, and Crosnicr (1352) sald that veina at Cerro San Frauncisco
(Cerro Reliquias arca) ran 50 to 60 kilograms of silver per tou, and
that grab saaples from the Caudalosa mine averaged 5 kilograma of silvar
axd 20 percent copper per toa,

Modern analyses of the protores from these veing ghow efilver
content averaging betixen 250 and 350 grans per ton. Overall silver
contant in those protores showa better correlation to copper values

than to lcad (s:2 Fi_ure 4) and scaiquaatitative spectrographic
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.mlym show mora silver in totrahedrite than in other base-metal
sulfides (sca Appendix V) indicating that most silver was carried in
eetrahedrite rather than in galena,

Supargene minerals found over tha base-metal veins include socoty
acanthite, pyrargyrite, miargyrite, covellite, scoty chalcocite,
galena, sphalerite, and native copper, in order of decreasing abun-
dance. These minerals are found typically in thin films and finc-
grained granulayr, lacy, or plumocso aggregates, commonly in associs-
tion with linonite aund gulfates. Figures 5 and 6 show typical super-
gene textures. Homsulfide hypogena gangue minerals are coated but
ot replaced by supergene minerals; vhereas, hypogene sulfides are
selectively replaced ncar fracturas (sce Figure 5). Tetrshedritae and
chalcopyrite ara replaced first, followed by galena, sphalerite,

. stibnita, lecad antincnides, and finally pyrita.

2. Silver veins

It is difficult to evaluata the full extont and importance of
supergene envichment in the silver veins becsuse late hypogene solu-
tions contributed to the enrichment of silver near the surface,
depositing sinilar ninerals, In tha upper 20 to 25 meters of the
8ilvar vains the daninant enrichment process was supergene, as
indicated by the abuadsnce of scoty acanthite, native wire silver,
&d other mincrals generally considored typical of supergenc mincralie
tation, Below 235 metexs depth, howover, the genaral textures and
Rineral assocfations of the silver oze sugpest hypogena rather then
®pergene mincralization, even thoush socoty acanthite, chalcoclte,
covellite, and superpene sphalerite were found in emall quantities as

. decp ag

35 to 45 maters. Sco the following scoction on Hypopcna
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K. Physico-chemical conditions of mineralization

1. Temperature
An indication of the temperatures developed in Castrovirreyna

deposits is given by the firon content of sphalerite. This is small,
regardless of color, locality, depth, and paragenesis, and ranges
from 0.003 to 0.88 percent, with an average less than 0.5 percent
(see Table TXI)., The uniform peucity of iron and the absence of
pyrrhotite suggest that sphalerita was not in equilibrium with iron
and formed in the presence of excess sulfur. The curves of Kullexud
€1953) arc based on a sphalerite-pyrrhotite system, hence temperatures
for the Castrovirreyna arca extrapolated from thess curves will be
lower than the true temperatures of formation end should be considered
minimal (Kullerud, 1959). Although the low irom content of Castrovir-
reyna sphaleritas placa them beyond the limits of sccurate extrapolation
(see Figure 54), temperatures between 50° and 200°C. can ba sssumed.

The enargite-famatinits mixture found in the Caudalosa vein indi-
cates temperatures above 325°C., the inversion point of enargite-
luzonite, and below 600°C., the melting point of enargite (Skimmer,
1960, srd Barton, personal communication, 1963).

Another estimate of temperature is derived from the wurtzita-
sphalerite mixturcs identified by X-ray diffraction in material
takan frou tha 4570 level of the Caudalosa vein. Thesa minerals were
deposited with declining terperatures after moximm teuperatures vere
reached. This mixturs must have forned by direct pracipitation end
ot {nversion as the wurtzite-sphalarite fnversion point of 1020%¢.
s ouch higher than tha melting points of associated lead antimonides

(Rracek, 1942), Allca and others (1914) precipitated wurtzite and
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wurtzita-sphalerite mixtures from slightly acid solutions (pH S to 6)
at temperatures from 2509 to 350°C. and completely couverted the
wretzite thus formed to pure sphalerite, in the same slightly acid
solution, by raising the temperatures to above 350°C. Therefore, the
temperaturce of formation of the wurtzite-sphalerite mixture at Castro-
virreyns may not have exceeded 350°C, The extremely low iron content
of this mixture (sce Table XXXIX, analysis 11), suggests that the
formation temperatura was considersble lower than 350°C.

A further clue to tha tempersturs i{s provided by the sphalerite-
chalcopyrite exsoclution mixtures vhich are found in smell cmunu in
all veina in the district (see Yigure 23). Swarms of chalcopyrite
blebs in sphalerita are, according to Buerger (1934) and others, a
product of exsolution batwesn 350° and A00°C. Barton (personal
cormmnication, 1961) concurs that chalcopyrite will exsolve from
sphalerite at these temperatures if cooling is very rapid, but found
that cooling over periods of 6 to 24 months depress the exsolution
point to at least 250°C, |

Kaolinite and sericite, comaoun to all the veins at Castrovirreyna,
tndicate moderate temperatures. Kaolinite forms only below 310°C.
(Ewell and Insley, 1935), end sericita forms from feldspar (sericiti-
sation) above 200°C, (Folk, 1947).

Criteria for the lower temperatures of hypogene mineralization
at Castrovirreyna are less conclusive than those for maximm tempera~
tures. Colloform banding in the very early and lata quarts suggests
deposition from a colloidal suspensinn which probably could not
&x{st above 100°C, (Barton, 1959). The lower temperatures of hypogene
ninorglization probadly ranged from leas than 50° to over 100°C.
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The formation temperature of thesa deposita thus probably ranged
from 50° to 350°C. The highest temperatures were developed in the
depositional phase of mineralization; but the low iron content in mosat
sphalerite suggests that the bulk of the base-metal and associated
minerals of this phase was deposited at temperatures ranging from
about 150° to 250°C. The very low iron content of late sphalerite and
the abundance of colloform textures suggeat that the temperatures during
the reworking phase ranged from about 25° to 125°C., the bulk of
mineralization taking place between 50° and 100°C.

2. Depth of Formation

The maximunm vertical range of mineralization in any one mine in
the Castrovirreyna district is unknown because none of the mines has
reached the lowver limit of sulfide mineralization. Orxrder-of-magnitude
calculations of the average depths of formation can be based, however,
on estimates of the probable amount of post-ore erosion and the known
depths at which different ore suites are concentrated.

Mineralization is considered younger than all of the volcanic .
activity because rocks of all ages are cut by mineralized structures.
Thua, an estimate of post-ore erosion 1s found in the relation of Cerro
Quispejahuar with the surrounding terrane.

Cerro Quispejahuar i3 a volcanic neck that rises about 355 meters
above the surrounding andesite flows (sce Pigure 2). The core of this
beck consists of vitrophyre and forms a spine that protrudes 130 meters
sbove the sloping base, The vitric core is surrounded by a well-
{ndurated vent braccia, which, in turn, is surrounded by massive
Sndegfte flows. As the core of this neck could not have resisted

€rogion sufficiont to permit the removal the more resistant breccia and
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flow rocks, this spine must have protruded above the original terrane.
Therefore, the 175 meters between the base of tha spins and the base
of the volcanic neck massif represent 8 maximm figure for the depth
of normal erosion in the area, after the formation of the neck, dise
counting glacial scouring.

Based on this assurption of 173 meters of post-ore erosion, the
following figures indicate the approximate depth cartain ore suites
tended to concantrate,

Hypogene silver sulfide and sulfantimonides are most sbundant
from the present surface to depths of 150 meters. Thus, hypogene
concentration of silver minerals was &t original depths of 175 to
325 meters.

An estimate of the depth of formation of the lead-antimony ores
at the Caudalosa nine is more tenuous because the veins crop out on
the side of s glacially scoured valley. Reconstructing the pra-
glacial valley profils from a break in slope above the upper workings
and adding 175 meters of cover removed by normasl post-ors erosiom,
{ndicate that lead gulfantimonides wers best developed at original
depths of 235 to at least 425 meters.

Galena, sphalarita, chalcopyrite, and tetrahedrite are most abun-
dant in the La Virreyna arsa, which lies in the bottom of & glaclated
valley, Judging from the height of the moraines on the valley walls,
the depth of scouring did not exceed 100 meters. Thus, the original
depeth at which this type of mineralization was best developed was
about 275 meters. For lack of better evidence, the lower limit of
Concentration of this basc-metal mineralization is comnsidered the smme

83 that for lcad sulfantironide mineralization, shich was supericposed



on base-metal mineralization.
3. Prassures
The pressures at which these daposits formed were equal at least
to the hydrostatic head overlying =ach deposit, and at most not much
greater than the lithostatic head. Using depth of formation values
aentioned in the preceding section and 2.18 as the average density of

andeaite, tha following maxicxm and minimm pressures were calculated.

Ore typa Depth ranze Hydrostatic Lithostatic
pressurc pressure

Silver antimonides 175-325 meters 17-31 atuos. 47-87 atmos.
Lead antimonides 235-425 meters 22-41 atmos. 63-114 atmos.

lead~3ainc-copper
sulfiles 275-425 meters 26-41 atmoas. 74-114 atmos.

Thesa deposits formed at relatively shallow depths i{n fissurcs
that probably ceminated at the surface in hot springs or aqueous
fumaroles aimilar to thosc of the Huachocholpa lead-zinc district 25
kilometers to the northcast (sce Figure 1), Thus, the lower presgure
valucg, calculated on the basis of a hydrostatic head, are probably
mors realistic.

4. Zhysicol States

Consideration of the torperatures, pressures and textural rela-
tionsg suzgegt that the ore fluilds were predominantly in the liquid
phase during mineral deposizion. Moot of the sulfide and ganzue
deposition {8 thought to have taken place below 250°C., although
tewperatures probably ranged from 25° to 350°C. Thus, pressures from
15 to 45 ataospherca would place the depositional envirorment very
ne2r or balow the boiling-point cuxve of water. Colloform banding of

Quart: and pyrite, collsfora encrustations of allophene, well-develeped
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crystals in cavitics, and comb structures are all suggestive of a
1iquid enviromment.
5. Chemical Conditions

Interpretation of thae chenistry of mincralizing fluids is difficult
because of the lack of specific physico-chemical data and the fact that
the resulting mineralization is only a fragmentary record of the com-
plete mineralizing history.

Although it wes possible to moke order-of-magnitude calculations
for the tempcratures and pressures developed in the Castrovirreyna
deposits (see Physical Conditions) from available geologic snd minera-
loglc data, estimates of the compositions of the mineral izing fluids
can be made only if certain basic assumptions are fulfilled. Holland
(1956), Barnes and Kullerud (1957) and Barton (1957) statad that {n
order to calculata tha composition of ore fluids from mineralogic data
one must assuma the following: 1) equilibrium conditions existed
during precipitation, 2) the environments of deposition of any two
minerals used for calculating concentrations wers the same, 3) ainerals
used for calculations did not undargo post-depositional changes, and
4) colloids wera not important. PXurthermore, they stated that the
following must be evaluated: 1) the relative distribution and types
of ious present, and 2) the activity coefficients of aquoous lous as
functions of temperature, praasure, ifonic speciecs, and fonic strength.

Congideration of tho paragencals of the Castrovirreyna ores
indicates that the sbove assumptions and evaluations usually could not
be made. The cyclical nature of the basc-metal mincralization and the
warkad concentration of antimony, silver, erd blasmuth in time and space

fndicate that the Castrovirreyna deposits roprosent an opan, dynammic
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chemical gystem in which mineralizing £fluids constantly modified the
solid phases vhile they themselves changed. As long as fluids
continuaed to circulate through the gystem thay continucusly met new
enviroments with which they were not in equilibrium and, thus, main-
tained a general state of nonequilibrium. Complete equilibriim was
attained ouly after tha system becsms static, {.e., when mineraliza-
tion ceased. Locally, however, equilibrium tended to establish it~
self, sven though tha gystem as & whola was out of equilibrium
(Thoapson, 1959). The attaimnment of equilibrium locally in & general
stata of nonequilibrium fs well documented by the antimonian slteration
of galena to lead sulfantimonides at Caudalosa and to a lesser exteunt,
by the antimounian alteraticn of acanthite to sulfantimonides at San
Genoxa. Theso sulfantimonides ara arranged around ths simple sulfida
in zones in which the gntimony content increases with the distance from
the gulfide. As the compositions of these sulfantimonides 1ic on a
straight line betwecn galens or acanthite and stibanite (sce FPigura 55),
only two minerals can be in equilibrium at s given point. Thus, thesa
assemblages represent the attainment of local equilibrium between
mineral pairs in an overall state of nonequilibrium in the ascemblage
as a vhole. The lead sulfantimonides sppear to have formed by the
reaction of antimounisn fluids end galera. Once the first sulfantironide,
geocronite, formed by replacemant of PbS moleculs by SbgS,, the galena
was effectively sealed off from further contact with the gntimonian
solutiona. These solutions then reacted with the geocronite, replacing
PbS molecule with Sb,S5, forming scmsoyite, and so on (sce Figure 38).
The silver sulfantimonides are not so markedly distributed eround

8canthits in zoncs of incrcasing antimony content. However, altermating
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pairs of the acanthite-stidbnite transition series are never found
closely associated in space, This suggests that most of the silver
was precipitated directly as sulfantimonides from mineralizing fluids,
in which the effective concentration of antimony increased with time
as the minersglising flulds underwent slight modifications. This also
represents deposition in respouse to locally established equilibrium
in & system undergoing constant change. These examples of deposition
under conditions of highly localized equilibrium wera recognized emly
because of progresaive chemical zoning smong relatod minerals, and
sre interprated as typical of normal depositional processss.

Therefore, it is concluded that equilibrium conditions during tha
deposition of an assexmblagse cannot be assumed unless textures indicate
sirmltaneous deposition (exsolution or pseudoeutectic textures) or
show repeated mutual boundaries between thres or more members. Since
neither these texturcs nor these boundaries sre comwon in the Castro-
virreyna district, {t {s sssumed that equilibrium was not alvays
attained during deposition.

Second, it 1is difficult to assums similar conditions of deposition
for two minerals in a system vhere slight changes in the physico-
e$cm1cal enviroment were the causes of deposition.

Third, the formation of sulfantimonides from galena and acanthits,
the hydrothermal leaching, and the hypogene enrichment of tha silver
oras igdicate that post-depositional changes were important in deter-
uining the final composition and distribution of many mincrals.

Fourth, although the role of colloidas s not wcll understood,
ebundant colloform textures in quartz, pyrite, rhodochrosite, and

&llophana (sce Figures 7 and 15); deasication cracks in quartz; spongy



balls of pyrita (sea Figure 19) suggest that colloidal deposition was
important in the formation of these gangue mineralas and posaibly the
aimple sulfides of silver and lead during low temperaturs regimns.

Finally, the evaluation of the typa and distribution of fonic
spacies present and their ralative activitics was not feasible, because
coeplex {ons of antimony, silver, biscuth, arsenic, and posaibly other
nctals played a8 predominant role both in matal transport and mineral
formation. Tha role of cocplex ifoas is deducted from the fact that
1) tha sequence of deposition does mot follow the order of solubilities,
2) the formation of sulfantimonides {s most satiasfactorily explained
by the reaction of simpk sulfides with an antimouy-sulfur complex, and
3) silver, antimony, and bisuuth are precipitated in quantity only in
late, low-tomperatura mineralization although they appear as minor or
trace constituents earlier.

In order to apply the data of Holland (1959) and Bartoan (1957) to
the problem of the composition of the mineralizing fluids, mineral
assemblages wers sought which appeared to have been deposited in equi-
1librium, which had not undergone postedepositional changes, snd which
did not involve colloidal depoasition of sulfosalts. This excluded all
asgemblagesg containing leed, copper, or silver sulfantimonides or
shouwing colloform banding. The only asscublages used were those vhose
coponents showed mutual boundarics and consistent relstions with other
aincrals., Thesc asscmblages are referred to as equilibrium asgenmblages.
Unfortunately, many of the possible assemblages that f£it the textural
conditions contained sulfosalts, for which there is no therwochenical
data; end many of those that satisficd the chemical conditions did not

show tha proper texturcza, Exsolutfon, pacudocutectic, and graaular



textures best fitted the stipulated conditions.

Six assemblages were found which met these conditions: 1) sphal-
erito-chalcopyrite (seas Figure 28), 2) quartz-galena-sphalerite-chal-
copyrite (ses Figure 32), 3) quartz-nematita-siderita (see Figure 47),
4) quartz-rhodochrosite-stibnite, 5) galcna-sphalerite-barita {sece
FPigure 53), and 6) gypsum-sphalerite-stibnite (see Figure 6). The
firast end second agsemblapes are characteristic of the depositionsl
phase of mineralization, the third and fourth assemblages ara typlcal
of tha early pert of the reworking phasz, the £ifth assemblage
represents final hypogene mineralization lats in the reworkiag phase,
and the sixth assemblaga is typical of supergzeane mineralizatiom.

In applying these assemblages to the diagrams of Holland (1959)
iz wms found that the stability fields for moat of the component
minerals were 30 larga and overlapped so greatly that only relatively
gross changes in the chemistry of the mineralizing fluids with time
and in space could be calculated. Comparisoa of the equilibrium
agsemblagas found at Castrovirreyna with Bolland's diagrams for
$b-0-§, Pb-0-3, and Ag-0-5 shouws that sulfur decreased with falling
temperatures and with the appcarance of antimony and si{lver. A
simtlar comparison with the diagrans for Ba-0-S and Ca-0-8 shows that
oxygen decreased with falling temperatures end with the appearance
of CaCO3. Consideration of the stability fields of lead, zisc, and
iron sulfides shows that the mincralizing fluids were richer in sulfur
8ud oxygen during the dapositional phase than during the reworking
Phasa; the limiting fugacitias during the depositional phase for 83
wra fron 10719 o 10’20. and for 02 a fugacity of 10737 or 1csa.

Batinates of the fugacitics of €Oy were not possibla. They were
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probably very low during tha dapositional phase because no carbonate
minerals were recognized, but incrassed notably in the reworking phase
with the appearance of carbonate minerals.

Minaralization during the reworking phase took placa approximately
between 300° and 400%K, and sccms to fall within the limits detemined
by the quartz-siderite-hematite assemblage. According to Holland's
Fe-0-S-C diagram at 300°K, s siderite-hematite assemblage indicates a

CO; fugacity of greater than 10°1-3 23

, a 8, fugacity of 1072 ¢ 1075,
and an Oy fugacity of between 10730 and 1079, The average values of
tha fugacities are plotted on Plate 4, whera they can be compared with
other chenical valucs.

Application of these equilibrium sssemblages to the anfomic
activity ratio diagrams of Barton (1957) generally doafines a chemical

environment ounly within the wide range of Barton’s Hydrothermal Repion.

Two ratios, howcver, show important changes in tha chemistry of the
mineralizing fluids. The appearance of siderite in prafercnca to
pyrite indicates a declina in the § /CO5" ratio to a point wvhere
neither f{ron nor lead nor zinc could be depoaited as sulfides, although
silver could be. Secondly, the occurrences at la Criega and Madona of
calcite inatead of gypsum as s late hypogene mineral indicate an
tncreasa in the €Oy /SO, ratio at the end of hypogene mineralization,
&t these locales at lcast. These changes are in general agreement with
the data obtained from Holland's diagroms, namely a decrease of 82 and
8 {ncrease of €O, with time.

Bstirntes of the hydrogen fon concentration (pH) during minerali-
fation ars bascd mostly on gangus mincrals., The abundance of kaolinite

In tha argfllized wallrock adjacent to tha vein implies a slightly acid
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environment (Follz, 1947, and Stringham, 1952) during the early stages
of mineralizacion. The presence of wurtzite suggests coantinuing
acidity (Allen and others, 1914) near maxirum temperatures, in the
depositional phase, On tha other hand, the abundant carbonates and
sericite deposited during the reworking phase indicate a neucral or
slightly basic envirommat (Stringham, 1952). PFurthermore, the
formation of hematite in an aenviromnment of decreasing oxygen concen=
tration would be facilitatad by s mora basic enviromment (pH above 7).
The presence of allophane encrusting very lata quartz, galena, and
sphalerite crystals in vugs, indicates a ashift to an acid enviromment
(Stringhanm, 1952) in tha final stages of hypogens minaralizationm.
Despite these changes in the hydrogen ion concentration, it is doubte
ful that tha pil varied more than a unit or two from neutral (Bortom,
1959).

Although 1t i3 difficult to obtain precise information on thes
chemistry of the mineralizing fluids through the use of thermochemical
diagrama, an estimata of the relative concentratioun of metal cations
in time #nd space can bda derived from the paragenctic sequence and
souning. The relative concentration i3 considered synonymous with
lonic sctivity or the availability of an element for deposition., It
should ba emphasized that most of the principsl elemonta found in the
Castrovirreyna deposits wore present in the mincralizing fluids
throughout ths depositional and reworking phascs of minoralization,
but they wera deposited in greatly differing amounts, sccording to the
timy gnd place. Spectrographic analyscs show that even whon an elcment
docs not appcar as a major comstituent it is ugsually present in minor

OT trace amounts (sca Appendix IV).
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The relative concentration of tha important mectallic elements
found in the Castrovirrcyns deposits, as determined by their appear-
ance in the paragenctic sequencs, is plotted as a function of time in
Plats 4. Comparing this graph with the accompanying paragenetic chart
and the graphs of tesperaturas, pil, and fugacities, the following coa-
clusions can ba reached: 1) base-metal mineralization i3 cyclic in
response to a rise and fall in temperature; 2) base-metal deposition
{s favored by an acid enviromment sand relatively high fugacities of
Oz and 85; 3) at higher temperatures, with a low pH, and with relatively
high fugacities of 0y and 3,, and & low fupacity of CO;, asilver, bis-
muth, manganese, and to a lesser extent antimony were soluble or formed
caaplexcs so that they were deposited in only minor and trace amounts;
4) the deposition of antimony, silver, bismauth, and mangancse and the
foruation of sulfosalts was favored by low temperatures, s basic
enviroument (pH above 7), relatively low fugacities of Oy and 89, and
a high fugacity of COy; 5) remobilization of silver for hypogene en-
richment was probably caused by an increase in the fugacity of COp
and an increase in pH; 6) the final deposition of basa-metal sulfides
was caused by a shift to an acid environment and perhaps an increase
in the fugacity of S3. Therefore, it is concluded that the zoning and
the complex paragancsis shown by the Castrovirreyna deposits reflact
#n intricate interplay between temperature, pil, fonic activity, and
lffeciiw concentration in mineralizing fluids wvhich were constantly
reworking the producta of their own deposition.
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L. Localization of orcshoots aad zoning

The localizazion and charactsr of vain mataerial is controlled by
two factors: tha physical satting of deposition and the chemistry of
mineralization. Tha physical satting determines the amount of vein
material that can be deposited at any ons sita, vhereas the chemiatry
of minsral{zation affects tha character and distribution of ore
minerals, {.a., zoning. Both of thass auvironmmental factors ara
interdapendent, however, because mineralizing fluids that axarcise
control on tha distribution of vein material nead adequata channals
and depositional sites to ba effactive and vice versa.

1. Structural comtrols

In the well-uineralized sections of the veins of the Castro-
virreyna district tha best oreshoots formed where the veins are widest.
Thus, within a given enviromment, ore localization is principally a
function of structural featurss, such as: tha degres of offset along
the fissura, vein configuration, and the competance of the wallrock.

During the early stages of mineralization, offset of the vein
valls was minimal end oreshoots formed whera bracciation and permeabil-
ity were greatast, nomaly at flaxure points and fracturs junctioms.
These orashoots are emall, seldom excecding 2 meters in width, 15 msters
in length, and 25 mnters {n depth. Th2y are best 1llustrated in veins
&t La Virreyna and Cerro R:liquias (see Figure 14 and Plates 14 and 15),

Continued movemants along certain veins, principally along those
&t Coudalosa and San Cenaro, during mineralization, fncreasad brocciae~
tion at flexure points end augmented offsct of vein walls, In the
Rorthwestward-treniing Caudalosa and San Pedro veins, where the north

walls moveld down and sliphtly to the right (right-lateral reversa
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displacement), oreshoots tended to form where tha dip flattenad or tha
striks veered northwards (see Figure 14). These oreshoots ara up to
75 meters long, 40 meters deep, and 3 meters wide. At the San Cenaro
mine continued movements increased offset of tha vein walls a meter
or two, forming numerous orashoots 10 to 30 metars loang, 50 to 100
metarg deep, and 1.5 to 2 meters wide at flexure points.

The formation of gash or tension fractures in veins tremiing
northeasterly and northwesterly also halped localize ore accumulatiom.
Ora pockets at gash fractures ara generally about S meters long, 20
meters daep, and 1 to 3 meters wide (sea Figure 14)., The fractures
themgelves are seldom mineralized for more than 2 or 3 meters from the
main vein,

The role of wallrock in countrolling vain width was not fully
evaluatad becausa intanse alteration next to vein walls usually
obscurad the nature of the wallrock. Generally the best ground for the
format foa of orashoots is massive andesi{te lava. This rock, because of
its high competenca, showed maxiowum offget of vein fissure walls, brece
ciatad without much comminution, and permitted persistence of open
fractures. Pyroclastic rocka, on the other hand, permittad only a
minimm displacement of walls as they probably yielded plastically.
They also weras easily trituratad, thereby clogging vein channals. Thus,
veins entering massive pyroclastic rock tend to be narrow, poorly
mineralized, and comwonly feather out {nto suall fractures. This is well
shown at the east end of thae San Pedro vefn on the 4510 leval (see
Plate 10).

2. Zoning

Vertical sud horizontal zoning, which 1is used herein as recog-



- Yib =

nizable and consistent spatial grouping of minerals with respect to
one another, iz evident on all scalas from microscopic to district-
wide at Castrovirreyna.

On a microgcopic to locsl scale, zoning is shown by s consistent
order of deposition of diffarent mincralas in space, in raaéonnc to
changes in the chemistry of mineralizing fluids in time, namely band-
ing. This banding may ba concentric, as shown by Figurs 16, or
symuatrical. Small-scale zoning also formed in rasponse to localizad
equilibrium conditicns i{s {llustrated by the zonal arrangement of lead
sulfantimonides and, to a lesser degree, silver sulfantimounides around
zalena and acanthite in bands which increass in antimony content tha
farther away they are from the pure sulfidas (see Figures 38 and 49).

Vertical zoning is evident throughout the district by changas in
grade or character of ore with depth, lead and zinc tend to concentrate
near the surface and copper tends to incrzase slightly in tenor with
depth. Furthermores, at the San Genaro mine silver minerals ars concen-~
tratad near ths surface in considerable quantities by hypogena processes;
but with {ncr2asing depth silver mineralization diminishes below economic
grada without commensurate increases in the basa-actal content nor
decrease in the total amount of vein material. Throughout tha district,
the grade of ore diminishes i{n depth without a proportional dacreasa in
avarage vein width,

On a district-wide scale zoning is evident in the distribution of
the types of minaral deposits of the district. Base-metal veins are
found throughout the district but are best davelopad in the westera half
Sround La Virreyne and Cerro Raliquias (sea Plata 3). Lead sulfantiwonide

minaralization i{s confined to veins in the canter of the district at



Caudalosa, Candeclaria, and Madona; and enargite and famatinite are
found exclusively at Caudalosa. Hypogene silver sulfantimonide
mineralization is found only at San Genaro and Astchuaraca in the
eastamrm third of the districe.

The decreasce in the mineralization temperatures of the depoaits
to tha east, and the zonal concentration of base-metals, lead-gntimony
nincrals, and silver-bismuth-sntimony mincrals from west to east implies
prefercential separation of base-metal elcwments, antimony, and silver
snd bilsmuth along thermal and chemical gradients extending from a
source west and below the digtrict. The deposition of antimonian or
argentian ninerals following basc-metal mineralizatioan in the central
and eastern portions of the diatrict indicates the concentration of
antirwny and silver in time. Thus, goniang is the product of chemical
differantiation along persistent pliysico-chemical gradients in tinme

and space.
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CONCLUSI(ONS
Econonic

1. Supergene ores of the Castrovirreyna type deposits were
shallow and usually have been mined out by colonial mining operations,
except in blind or covered veins that should be looked for.

2. The shallowneas of supergene silver mineralization does not
preclude the presence of economic concentration of basc-metal minerals.
Thus the shallow, low temperature veina in the Andean andesite rocks
should be re-evaluated as base-metal producers, even though colonial
Spanish mining operations cleaned out surficial silver ores.

3. The concentration of silver near the surface at San Genaro
vas mainly a process of hypogene reworking which caused the migration
of silver along physico-chenical gradients towards the surface (to
enviromments with lower temperature and pressure). Thus, it i3 not
likely that economic conceatrations of silver minerals in thia type
of deposit will be found below the present limits of silver ore.

4. In the Castrovirreyna district future prospecting for silver
ore should be confined to the 8an Cenaro arca and eastward. Veins more
than 500 meters long, trending easterly or northeasterly should be
primary targets. Prospecting should be done to at least 5 meters depth,
to get below the oxidized and leached portions of the veins. Around
the San Genaro mine extensive prospecting also should be done, on tha
surface and underground, for secondary fracturaes (splits) assoclated
vith the main veins which carry rich ore pockets but have no surface
&xpression.

3. S8ince ore minecrals at Castrovirreyna were zonally distributed

8long physico-chemfcal gradients in space fron a source of mineraliza-
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tion west of the diatrict, it is unlikely that bagse-mctal mineraliza-
tion at the eastern-most deposits, such as San Cenaro, will increase
in tenor at depth.

6. Good base-matal mineralization can be expected at depth in
the central and western parts of the Castrovirreyna district, especially
in veins treanding northwesterly. The Caudalosa structurs, from Madona
to Bonanza, is particularly promising and should be drilled between the

Madona, Caudalosa, Candelaria, and Bonanza mines,

General

1. The Castrovirreyna deposits ars typical of the shallow veins
formed during Andean orogenetic activities in late Tertiary time, and
wvhich are wost abundant in the volcanic rocks near the crest of the
Andean Cordillera, Vein filgsures wera formed by orogenic forces
equivalent to east-west compreasion and the fisgures wers reopened
during mineralization by the release of these forces. Mineralizing
fluide were derived from the underlying Andean batholith,

2. The Castrovirreyna deposits are relatively shallow deposits,
fn which physico-chemical gradients {n tims and space controlled the
digtribution of metals out from a single source west of and below the
diatrict. Oradients f{n time are reflected in the order of deposition
of vein-forming minerals, and gradients in space controlled the
borizontal and vertical zoning. Recognition of these gradients depcnds
on not only the prescnce of detectable mineralogical and compositional
changes, but also the gsurvival of this record of change through sub-
sequent chemical activity.

3. The Castrovirreyna deposits represent sn open chemical system

in vhich the mincralizing fluids were constantly modifying the deposi-
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tional enviromment while they themselves were undergoing modification.
Thus, these dsposits formed in a general stata of nonequilibrium and
true equilibriim wms attained only in a local and restricted sensa.

4. Mineral deposition at any ona location tock place with both
zising and falling temperatures, as the site heatad up and then cooled,
causing both normal and reversed paragenetic sequences. Most minerals
deposited with rising temperatures ware radissolved with subsequent
increase in temperature, lesving only vestiges; the bulk of existing
vein material was doposited with falling temperatures.

S. Post-depositional reworking (dissolution, reprecipitation,
rearrangement, and altara;:iou of vein-forning minerals by their own
mineralizing fluids) was an imporzant phenomenum at Castrovirreyns.
Although this phenomenun was only confirmed by the formation of non-
equilibrium sulfantimonide asscubdblages from simple sulfides, reworking
could explain many of the complex and controversial textures found at
Castrovirreyns in the base-metal sulfides, snd thus, may be more common
than beretofora realized.

6. Cooplex founs probably played a dominant role in keoping anti-
oony, silver, and dbigmuth 4n solution until lover temperature regimens,
permitting these eleoents to be coacentrated in low tezmperaturs and
preassure environments, and to record the phenomenum of in situ reworking,
by their intoraction with existing mincrals.

7. The mincralization at Castrovirreyna is ;he resultant product
of a long period of deposf{tion, dissolution, migration, and reworking,
and {3 at best & frajmentary record of the paragenesis.

8. Thermochenical datas and physico-chemical diagrams were of
Uaitad use in tnterpreting the chenistry of minoralization of the
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Castraovirreyna deposits, because 1) moat mineral suites did not form
under the ideal conditions required, or 2) tha stability fields of
cocponent minarals was unknown or too great to be indicative.

9. In surmary, the Castrovirreyna deposits were formad under
predominantly romequilibrium conditions, from fluids containing
colloids and complex ions, and the resulting minerals were reworked by
gsubsequent mineralizing fluida. Thesa conditions aze not ideal in a
chemical sense and are probably common at low temperatures. Thus, a
chenical approach to the problem of low-temperature mineralization
should take these nonideal conditions into sccount. Furthermore, vein
nineralogy should be studied not only to establish an order of deposi-
tion, but elso to find and interpret minersl assemblages that provide
c¢lues to the processcs involved in metal transportation and deposition,
and wvhich are indicative of particular chemical and physical environ-
mants or trends in both time and space (paragenasis i{n tha Eurcpean

sanse) .



APPERDIX I

Mine Descriptions
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A, Astohuaraca Mine

The Astchusraca mine {3 in the northeast corner of the district
about 6 kilometers north of Santa Infa sand 2 kilometers west of the
village of Choclococha (see Plate 2). It lies at sbout 4700 meters
altitude and is accessible over 2 kilomoters of trail from tha Pisco-
Husacavelica road along the north shore of Laguna Choclococha.

Andesftic tuffs and tuff breccias underlie the areca. The mine
explored seven veims , six of which lie in an area 600 meters wide by
200 meters long. These six veins strike from North to N. 10° E., and
dip from 70° SE. to vertical. They are 200 to 500 meters long and
contain 20 to 30 centimeters of brecclated wallrock, gouge, and
quartz, saall aoounts of barite, snd pods and disseminationa of galena,
sphalerite, pyrite, and pyrargyrite. Veins are enclosed by 2 to &
meters of bleached, argillized wallrock. The seventh vein, two
hundred meters south of the main group, strikes N. 45% E., and dips
80° E. It consiats of 1.5 meters of sltered rock, with 20 centimeters
of gouge and quartz containing disscminations of galena, sphalerite,
pyrite, and pyrargyrite.

The Astohuaraca mine was worked sporadically from early colonial
time (Monroy, 1769) to the 19th century., Ths ruins of a large carp
(300 to 400 inhabitants) and a small saclter still stand at the mine.
According to local legead the Incas worked the mine before the coming
of the Spanish. Few surface workings are visible and the extent of the
underground workings is unknown, as they were inaccessible at the time
of this study. Water has alwvays been a serious problen in the mine and,
together with controversics over owncrship, haa discouraged recent

Stteupts to reopea the mine.
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The name Astohuaraca is derived from the Spanish word asta, meaning
lance or spear, and the Quechua word huaraca, meaning silver, in allusion
to the native wire silver found in the early days.

B, Lla Griega Area

The Ls Criaga arca is on the northern edge of the district, &
kilometers north of the San Genaro mine, 6 kilometers west of the
Astohuaraca mine, and just south of the lakea, Laguna Ccesococha and
Laguna Yanacocha (sea Plate 2). It liss at 4750 meters altitude and
is reached over 6 kilometars of unsurfaced road which branches off the
San Genaro mina road at Laguna Orcococha.

The area is underlain by andesite flows and flow breccias that are
fatruded by a small body of adamellite surrounded by quarts latite, and
8 larger body of quartz latite porphyry.

The five principal veins of the La Griega area trend N, 1s° E.,
and dip 50°-75° N. or 70°-75° S. They crop out for 500 to 1250 meters,
and are branching sand sinucus, averaging 1 meter in width. Mineraliza-
tion is irregular and consists of bended, vuggy quartz and silicified
wallrock with disseminations, knots, and irregular bands of galcna,
small gmounts of chalcopyrite, sphalerite, rhodochrosite, and pyrite,
8nd rarely tatrahedrite. FPinely crystalline encrustations, grainy masses,
and fibrous veinlots of calcite are characteristic of thase deposits.

The four northermmost veins lie within the quartz latite-adamellite
Yody. They are doveloped by the La Cricga mine, which consists of two
'dka, each 100 metaors long, and mumerous small workings. The Mateo
Veln which lics 700 metera south of the La Gricga mine, follows the
Southern edga of the gouthermmost quarts latite intrusive and consists

°f 1 to 3 motors of quartz with scattered disscninations of sulfides,
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In 1957 cthis vein was teing explored by a 45 meter shaft.
C. Répida Area

The R&pida arca is 5.5 kilometers southwest of Astohuaraca and 2
kilometers northeast of the San Genaro mine cauwp (see Plate 2). It is
accessible by road from the San Genaro mine road. The area is 1.5
kilometers across and covers tha eastern extension of the veins of the
San Genaro mine., The aincralization in this area is the low-grade,
galana-sphalerite minerslization characteristic of veins found away
from the important mineralized centers, rather than the silver sulfanti-
monides of San Genaro. Veins in the Ripids area ranga from 50 to 300
centineters wide, and generally consist of banded massive quartsz,
giliceous breccia, small amounts of manganiferous carbonate, and thin
bands or disseminations of sphalerite, galena, occasionally pyrite,
and a little chalcopyrita. Sulfide mineralization is erratic and tends
to be richest uearest the surface.

The area was sctively worked during the latter half of the 19th
century and ind udes more than ten mines and prospects. The only mine
active at the time of this study was the Ripida mine {n the scuthwest
corner of the srea. The Castrovirreyna Metal Mines Company operated the
Rapida mine on leasc from the Corporacién Minera Castrovirreyna from
1952 to 1956, and produced over 50,000 tons of lead ore, driving about
800 meters of workings on four levals over a vertical range of 100
Deters.

The Ripida mine lies on the east end of the Répida vein, whose out-
crop extends 1500 meters to the west, into the San Julifn section of the
@djacent San Cenero mine. This vein strikes sinuously from N. 60° W.

to due west, having an average trend of N, 70° W, Tha mine also
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developed another vein striking N. 70° W,, that lies 75 meters north of
the Rfpida vein, as well aa a nineralized crossover between the Rapida
vein and the N, 70% W, vein mentioned above. The crossover strikes
N. 50° W. Thcsa three veins explored at the Répida mine sre aocarly
vertical or dip slightly to the north and average 125 centimeters wida.

Sulfide mineralization i3 concentrated near the gurface in and
around the creossover vein between the two east-west veins; ore tenor
does not &xtend to more than 100 metsrs in depth and ebout 50 mctars on
eicher side of the crossover junctions. Vein widths do not decrease
notably with the decline in tenor.

The Eleonora prospect, about 300 metars north of the Ripida mina,
has several adits, inclined workings, open cuta, and pits vhich explore
three vains trending N. 30° W, They dip stecply to the south, are 75
to 150 centineters wide, and crop out for 150 to 250 meters,.

At the Siglo Nueve prospect, one kilomater north of the RéApida
mine, four or five small i{naccessible adits explora three small veins
that strike ¥. 50%-70° E., dip 70° WW., and are 50 to 150 centimeters
wida, Enoch (private report, 1305) stated that tha quartzose gossan of
these veins contained grgentite and &g much &3 an ounce of gold per ton,
but that otherwise mineralization was poor. Haslas (1929) reported
that the ore generally ran 100 ounces of silvar per tom and the ore
pockaets contained 2000 to 3000 ounces of silver per ton. Accessible

vein expogurag, both surficial and underground ars not well minaraliszed,
Tho Aranzazu mina, about one kilometer wast of the Répida mine,

explores the Aranzazu vein on two levols only 10 moters spart vertically
and less than 190 maters long. This vein strikes froa N, 559 ¢o 80° W.,

trending ¥, 70° W,, and dips stecply to the north, It crops out for
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about 2000 maters and i3 the eastern extansion of the Bella vein, of
the San Julidn saction of the neighboring San Genaro mine, At the
Aranzazu mine, the Aranzazu vein is low grade, consisting of massive
quartz and minor galena and sphalerite, with erratic silver values. It
averages about 150 centimeters wida.

The Pampeamnchay adit, 0.5 kilomcters scuth of the Ripida mine, is
185 maters long. It was driven to cut thc eastern end of the Trabajo
{CGrau) vein, which is one of the principal veina of the San Genaro nine.
Although the Trabajo vein was not cut, a low-grada atringar was ianter~
sected at the face and devaloped for 20 metexrs before operations were
stopped in 1955. This a‘tringet strikes X. 60° W. and ranges in width
from 10 to 100 centimeters.

D. San Cenaro Mine

The San Genaro mine {3 the largest and one of the oldest in the
district. It was worked in ecarly colonial times and has been in opera-
tion more or leas continuously since 1860. This mine lies 2.5 kilo-
meters north of Laguna Orcococha, just northwest of Laguna Yanacocha (sea
Plate 2), and is reached by 7 kilometers of unsurfaced road that branches
from the Pisco-Huancavelica road st the east end of Laguna Orcococha.

Ore is concentrated in & 130 tons/day floration mill, located a few
bhundred yards from the main portal. Power is supplied to the mine and
mill by a 1500 kva hydroelactric plant at Santa Inds, 7 kiloaaters southe
€ast of the mine, on the west shore of Laguna Choclococha.

The San Cenaro mine has about 20 kilometers of workings on 13
levels, most of which are accessibla. Present operations include the
Opening of old, necar-surface workings. Vertical spacing between levels

{3 10 to 40 mcters, and avceraces about 30 meters. Tha portal of the
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principal or San Genaro level lies at an altitude of 4773 azters atove
gea level. The lowest level, the 105 lavel, 1lies at 4668 maters and
the highest level is at 4956 metors altituda. The deepest workings,
however, seldon extend more than 200 meters below outcrops. The mine
has two shafts, one on the Trabajo vein which connects the San Geunaro
lavel with the 35, 70 and 105 levels, and another on the San Julidn
vein, from the 70 and 105 levels.

The best silver mineralization at 3an Genaro lica within an oval
area, about 1200 mcters by 300 meters, centered around Cerro Quespisisa
(sca Figure 56)., This arca is undarlain by massive andesite and minor
sndesite igneous breccla, and 1s surrounded by bedded andesite lovas
and pyroclastics that tend to dip away from Cerro Qucspisisa, suggesting
that it {s the core of & volcanic vent., WYest of this area silver veins
pinch out upon entering the bedded volcanic rocks. To thae east the
larger veins extend 500 meters or mora into the bedded volcanic rocks,
but beyond the limits of the massive andesite only contain mediocre to
fair lead-szsinc mineralization similar to that found throughout the
district.

The larger veins at San Genaro are 50 to 200 centimeters wide,
sveraging 120 centimaters, and the smaller ones rangs from 10 to 50
centimoters wide and everage about 30 centimoters. Vein material
guucrally 1s not fractured but in places it has been brecciated and re-
cemented during mincralization (see Figure 10).

Tha wveins are typical of shallow epithcrmal bonanza-type silver
deposits, end contain couplex silver ores that are eariched towards
the gurfaca. Sulfide mincrals are galena, sphaloerite, chal copyrite,

Retrahedrite, pyrarpgyrits, polybasite, miargyrite, acanthite, pearceits,
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. sranayoita, and etibnite. GCangus minerals are quarts, pyrite, barite,
siderite, rhodochrosite, hematita, marcasite, smethyst, quartz, clay
minerals, and sericite. Vein materiasl is porous and comd structures,
vugs, and drusas are abundant. Cavities are lined with small quartz
cryastals, or, less commonly, crystals of barite, galena, sphalerite,
pyrargyrite, polybasite, miargyrite, and tetrahedrite. Crystals
generally are not larger than 3 millimeters. Many cavities are
completaly filled with crustified aggrezstes of the above minerals.

Crustified banding is well developed, and cockada ore wes noted
where breccia fragmeats ere present. Bunding tends to be symmetrical
and well-dafined. Most bands are massive milky quarts containing
disgeninated sericite or hematite. Others sre quarts with disseminated
sulfides. Still othor bands are green or smethystine quarta, sericite,

. sidarite, or, rarcly, pura galena or sphalerite. Banding i{s oscillatory

in places and bands are sinuous, irregular, and even colloform, ranging

in width from 0.3 to 30 centimeters. Tho generalizad sequence from the
center of a typical vein outusrd is: crystalline quartz with silver
sulfide and sulfantimonides, milky quartz, quartxz with hematite needles,
quarts with massive chalcopyrite and disseminated pyrite, and, finally,
quarts with disseminatious of sphalerite end galena,

S8ilver mincralization can be groupad into five general types bdascd
on mode of occurrence and mineralogical assoclations.

1) BRear-surface silver mineralization is characterized by sooty
or plunoss acanthite coating primary vein minerals, native wire silver
enclosed in quartz end barite, and thin films of acanthite and pyrargy-
rite coating sad rcplacing primary sulfides. $Silver ores of this type

8rae raatrictad to tha upper 25 to 40 mcters of the vein, and sre most
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abundant from 5 to 20 mctera below the surface. Old reports atated
that surficial ores, probably of this type, had as much s 5 percent
silver. This mineralization is considered supergsunae.

2) The most important type of silver mincralization, from tha
standpoint of modera mining economy, is the anriched sulfide ore in
the upper 100 mcters of the veins. Silver content of this ore is lower
than in the surficial ores but is notably higher than in ths other
types. In raceat operatious, orcs of this type contain up to 5 kilow
grans of silver per ton, and svcrage between 300 and 600 grams of silver
per ton. This gilver ningralizacim consista of massive to semiporous
crystalline aggregatas of pyrargyrite, amilargyxite, and polybasite,
associated with quartz and barite, and contains small smounts of
sphalarita, galena, tetraghedrite, &nd aramayoite. Sulfide minerals
cement breccilated vein quartz, lina vugs in quartz, or form large
pods; and arc interpreted as products of hypogene enrichment.

3) A third type of silver mineralization, &lso comnon in the
upper 100 mceters of the veins, 1s associated with colloform banded
gangue. Silvar minerals are principally pyrargyrite and miargyrite,
with lessaer amounts of polybasite; they are invariably assoclated with
siderita, quartz, sericite, pyrite, and tetrahedrite. Silver mincrals
are genarally reatricted to those bands containing quartz {see Pigure
51) and were deposited prior to reworking and hypogene enrichrent of
silver.

4) A fourth type of silver mincralization consiasts of anhcdral
grains of pyrargyrite, miargyrite, polytasite, pearceite, and acanthite
in narrow scams of quartz. Silver sntimonides comaonly form good

Srystals where quartz 18 vugny. The quartz is clear snd medlum grained,
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and contains only the aforementioned silver minerals and minor amounts
of gold (see Figure 49). These quartz seams cut the base-metal
portions of the veins and are common throughout the known extent of the
silver veins. This type of silver mineralization represents unenriched
hypogene ore.

5) The fifth and most widespread type of silver minerals consists
of thin films of fine- to medium-grained crystalline aggregates of
pyrargyrite and miargyrite £illing or coating cracks in primary vein
material. Silver minerals are associated with tetrahedrite, sericite,
galena, and sphalerite and.they coat both sulfide and gangue minerals
along small irregular seams and cracks cutting massive vein material.
These films of silver minerals are seldom more than 1 millimeter thick.
They represent final hypogene mineralization.

Base-metal mineralization at San Genaro can be separated into two
general types, representing early and late gstages of mineralization.
The older base-metal sulfides, which include galena, tetrahedrite,
sphalerite, chalcopyrite, and pyrite, are found as fine-grained dis-
seminations, pods or thin stringers in massive banded quartz. Bands
containing these sulfides are 1 to 10 centimeters wide and are generally
found nearer the vein walls than the centers. The silver content of
these base-metal bearing bands is low, probably less than 100 grams per
ton, even though galena and tetrahedrite carry silver (see Tables
XXVIII and XXXV1). Silver minerals are rare and when present replace
base-metal sulfides. Abundant quartz and disseminations of hematite
a&re the principél gangue minerals associated with this type of minerali-

zation.
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The late basc-mctal mineralization consists of small amounts of
galena, sphalerite, tetrahedrite, and pyrite disseminated in quartz
bands, and coats or £ills cavities in vugzy quartz as small crystals
or zrains. This late basa-metal nmineralization is agsociated with tha
last threa types of silver minuralization,

In general base-wmetal tenor is oo low to e mined alone economi-
«ally: lead averapges gbout 1 percent, ainc about 1.5 percent, and
copper about 0.1 percent or less. Base-metsl values are relatively
constant in depth, increasing only aslightly towards the surfaca, thus,
wvhera silver values are less than about 200 grams par ton mining
becomes unaconcuical. Yo attampt is mada to recover the zinc at San
Genaro, but copper and lead are recovered with the silver.

The San Genaro nine bhag exploitad about seven strong velas and
wore thaa 13 minor velms in the southiern and western portioa of the
vain network around San Ganaro (@ee Pigura 56). The eastaera portion
of thia network i3 the Riplda area, discussad previcusly, and the
northern portion is explored by a fow inaccessible adits. The veins
explored in the San Genaro mine lis in three systems 200 to 400 meters
apart, each of which has a major vein and aumarcus splits (sca Pigure
36). Thae major veins, from north to south, are San Julisn, Quespisisa,
&ad Trabajo. The San Julidn and Quespisisa vein systems are roughly
parallel, trending northeasterly to nortincaterly. The Trabajo vein,
however, trends easterly throughout its lengzh., Minor veims split off
8t small angles from either tha footwall or the hanging wall of the
wajor velna, and arae, in gencral, narrow and low grade for the first
10 to 15 metors, afiar which they oay facreasa ia width and mineraliza-

tion and strike parallcl the parent vein,
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The veins of the Trabajo and Quespisisa systems have been worked
out, and activity is currently concentrated in the central and eastern
part of the San Julisn system.

The southernmost vain in tha San Genaro mine, the Trabajo, trends
N. 35° E., generally dips stceply north, and crops out for more than 2
kilometers. This vein bas been worked from the suxrface to the 105 level,
a vertical distancas ranging from 140 to 170 meters, and has been ex~
plored for more than 2000 meters along the Ssun Genaro and Hifto Jesds
levels (sece Plata 5). Llocally the Trabajo vein is sinuous and erratic
in strike, dip, and width; strike ranges from ¥. 60° B. to N. 70° w.,
dip 1ies between 70° S. and 60° H., and wvidth ranges from 20 to 200
centimetors. Vein moterial usually conaists of strongly banded, massive
quartz and ailictfiecd wallrock, with bands, disseminations, and pods of
sulfides. The Trabajo and related veins are more massive than others
in the mine, and contain more hematita, siliceous breccia, and less
gouge and clay.

The widest and best mineralized sections of the Trabajo veins
strike approximately east. Thase sections average 125 centimeters wide
and ars 50 to 300 meters long. They are connected to one another by
oarrow, wcakly mineralized crossovers, which gensrally strike either
K. 60° W. or N. 60° E. and are 30 to 200 meters long. The central and
weatern parts of the Trabajo vein have yialded the largest amounts of
ore, anﬁ are stopad over a vertical distance of about 75 meters, from
the gurface to below tha 35 level (4738 meters elevatfon) and along the
strike for ucarly G6CO mators. Silver content decreases steadily with
depth and mineral exploitation was not economic beyond about 15 meters

Belos tha 35 level. Explovatious on the 70 lavel (4703 moters eleva-
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' tion) and 105 level (4663 meters elavation) revealed only low-grade
lead-zinc mineralization,

The aastern end of the Tratajo vein, called the Grau vein, ia
perticularly erratic in both attitude and mineralization and is
accompanied by numercus splits and parallel structurea. The width of
the Grau vein averages 60 centimerers, and mstal content 1s lower than
in othaer parts of the Trabajo vein, aund only a few {solated shoots and
splits have yielded ore. The eastern end of the Trabajo vein feathers
out in bedded volcanics, whereas the western and terminates abruptly
{n pyroclastic rocks.

Minor veins sssocinted with the Trabajo vein have produced good
ore in limited amounts. They strike from N. 60° to 85° B. and dip
steeply north or south, paralleling or diverzing slightly from the
. Trabajo vein. These minor veins gencrally have a single ore shoot,

10 to 40 meters long by 20 to 50 meters high by 50 to 125 centincters
wida, located 15 to 40 moters from the main vein. In the eastern
saction, most of the minor vaina liea on the north side of the Trabajo
vein and trend east to northeast. Elsewhere, they 1lia on the south
side of the Trabajo wvein and trend socuthwaast., PFrom east to west these
minor veins are: OCrau WNorte, Contacto, Escondido, Baertl, Milagro,
Canarito, Salvadora, end Poder (sce Plate 5). Thae Baertl, Milagro,
Canarito and Salvadora veins have produced the most ora.

Tha Quespisisa vein 1lies about 200 to 300 maters north of the
Trabajo vein (eece Plate 5). It is arcuate, tremnling east to northeast,
dips steeply to the northuest, and crops out for about 1000 meters. It
hag been explorcd for sbout 700 meters horizontally and over 200 meters

. vertically, froa the surface to the 70 lavel., The wastern half of tha
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Quespisisa vein, which 1s the best mineralized, strikes from N. 45°-
65% B. and dics out to the west shortly aftaer entering the bedded
volcanic rocks. The eastern part of the vein trends easterly and
splits into scveral barren fractures, the largest of which strikes

N. 80° E. o N. 80° w. Dips of the Quespisisa vein range from 50° to
75° W, Vein width ranges from 75 to 150 centimeters, but {s relatively
constant in any ons section.

Vain mnterial usually is well-banded massive quarta with bands,
disacninations, and pods of fine~-grained sulfides. Silver minerals
aras more obviocus in the Quespisisa vein than in the Trabajo vain, but
oot 80 promincnt aa in the San Julldn section. The Quespisisa vein
and its splits contain more manganiferous siderxite and sacthyst than
the others. Silver ore fa this vein bottoms n2ar the 70 laevel (4703
meters altitude), The richest hypogene ore wes in the central part of
the vein between the 35 level (4733 meters esltitude) and the San
Antoaio level, 90 meters abovea. The most famous of several excellent
ora shoots waa the Boya da la Cruxz, yielded 3,000,000 ounces of silver
(asias, 1929),

Only two minor veins associated wirh the Quesplsisa vein have
produced ore: the Revuelta-340 and the Huacrspaquina vefns, The
Revuelta-340 veln splits to the northwest off the hanging wall of the
Quespiaisa vein (scz Plate 5), and consists of a narrow Vcroasavet
scction called the 340 vein, and the Revuelta vefn. The Revuelea veln
Toughly parallsls the Quespisisa vein, strikes N, 60°-70° £., dips 70°-
80° ¥., and is 150 to 190 maters long. The 340 vein segment of the
split strikes N. 852 W., dips 80°-85° N. and {s 100 to 150 meters long.

It 18 woakly minocralfzed for tha firat 10 to 15 metors froa the Quespi-
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. sisa vein. The width of the Revualta-340 vein ranges from 10 to 300
centineters end ia erxratic in attitude and metal content.

The Huacrapaquina vein aplitas off to the cast from the footwall
of the Quespisisa vein at about the San Antonio level. It tronds east,
4ips about 60° N. and naarly parallals the easasternmost, barran section
of the Quespiaisa vein. It has beea &:plored ca three levels for about
300 meters horizontally and probably 40 meters vartically. The vein
averapes 60 centinmetors wida. It is largely aned out and moat aof tha
workinga are now inaccessibla.

The San Julisn section is about 400 maters sorthwest of the Quespi-
sisa vein and contains geveral long veins and f{mportent splits occupying
a8 belt about 200 meters wida and 850 meters long (see Plate 3 and Pigure
56). Most of thasa veins trend northeaas and terminate against the
. north-westward-trending Bella-Aranzazu vein, which extends east to the
Répida area. The best orec has been found in the Bella vein and the
western holf of the San Julién veins,

The sttitude of the San Julidn veins 13 erratic; strikes range from
R. 40° E. to E.-W., dips from 65% N. to 60° S., and widtha from 20 to
300 centimeters. Minor veins, vpicb generally split off the footwall
of the principal veins at flexure points are abundaat (sce Plate 6).
These minor velns are usually narrow, low grade, and di2 out within 3
to 10 meters., Some of them contain smell pockets of ore and a few have
sizadla ora shoots.

Vein material of the San Juliin voina corsists of thinly banded,
porous, variegated quartz, and thin bends, knots, &:d dizscminations of
sulfida mincrals. Individual bands ar: thin and vu;s and open comb

. 8iructurea gra comrca, Clay aad goupe arc more abunldant 4n the San



. Julisn veins than other veins at San Genaro; and vein material is
slightly brecciated, as in the Trabajo vein, sugjgcsting postore move~
ment. The eilver and copper content of the San Julidn veins is higher
than in the other veins at San Cenaro, whercas tha lcad and zinc contents
are slightly lower.

The San Juliin vein is the principal vein of thas group. It crops
out for at least 750 meters, trends K. 50° E. and dips 70° ¥. to 70° S.
The 8an Julian vein has been woriwd for 700 meters horizontally and on
eight levels and numercus surface workings, to a dapth of over 200
maters balow its outcrop. . Silver oxrs bottoms &t the 70 level, 100 to
125 weters below the surface.

The San Julidn Horte vein splits northeast off tha hanging wall of
the west end of the San Juli4n vein and atrikes parallel to it, but has

. a lower dip, about 75% S, It crops out for at least 750 matars and may
continue another 1000 meters to the northeagt of the Bella-Aranzazu
vein, The 8an Juli#én Norte vein has becn worked from the surface to
the 35 lovel, a vertical distance of about 140 mcters.

Tha gouthermmost vein of the San Julidn group is the Alejandro
vein, which lies southeast of tha San Julidn vein, which it may join at
its northeastern snd southwestarn ends. The Alelandro vein strikes
B. 40° B., dips 30° N., and crops out for about 600 meters horizontally,
on five levels over a vertical range of 130 m:ters.

The San Julidn Sur vein, another important vein in this gwoup,
splits off to the southweat from the footuwll of the western end of tha
8an Julida vein, below the San Cenaro level., It trends N, 60° E., dips
staeply to the aocuth but has no outcrop. This vein explored for 250

. metars horizontally and froa the 35 level (4733 moters elevation) to
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the 105 level (4663 meters elevation), but has only produced ore from
tha San Genaro level (4773 meters eclevation) to the 70 level (4733
maters).

The Bella vein, against which the San Julisn veina terminate (s2e
Figure 36) strikes N. 30° W. and dips 45° S. It has beon sxplored for
over 350 meters horizontally and 100 meters vertically on four levels.
This vein {s the western end of the Aranzazu vein and was opened up
after the writer's last visit to the mine.

E. The Madona Area

The Modona area is on the west shore of a northern am of lLeguna
Orcococha, about 3 kilma:éra wast of San Genaro and 1.5 kilometars
east of Caudalosa (sce Plate 2). The three principal mines of the
area, Madona, Caudalosa Ro. I, and Pitonisa, are owned by the Corpora-
. cibéu Minera Castrovirreyna, but only the first two were active from

1954-1957.

Andesitic pyroclastics, mostly lapilli or ash tuffs, capped by
andesite flow rocks underlie the Madona area. Four veins or mineralized
sones striking N. 709-35° W., and dipping 65° N. to vertical, were
recognized in an area about 750 meters wide, These veins probably are
the eastward continuatfon of the veins of the Caudalosa mine, the
Pitonisa vein corresponding to the San Pedro vein and the Madona
mineralized zone corresponding to the C.udalosa vein. Thas presence of
&xall amounts of stibnita, zinkenite, snd rhodochrosfite, minerals
characteristic of the San Pedro and Caudalosa veing, supports this
structural corrxelation,

Tho northernmoat vein, Pitonfsa, trends about B, 80° W,, end

. consists of a scrics of N, 76° W. veins i{n echalon and connacted by
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croasovers striking N. 60%-352 . Inifvidual veins dip 70° S. to
vertical and consist of 1 to 2 ueters of bleached, argillized rock
enclosing 10 to 70 centimetcers of breccia and gouge with 1 to 40
centimeters of quartz and suell saouncs or sphalerits, galens, tatra-
hedrite, stibnite, and pyrita. lMineraiization is generally weak. An
adit 120 mcters long ncar tho lake shore and several pits axi trenches
explore this veia.

The Caudalosa No. 2 vein lies about 3G0 meters north of the
Pitonisa vein. It has been explored by aa adit 200 meters loang and &
30 moters winze. This vein strikes W. 85° W., dips 70° N, to vertical,
and lias in andesitic tuff just below its contact with the overiying
lava. A rich ore shout in this veiln was found just below cthe tuff-
andasite contact; it was 100 meters louy, about 15 metsrs high, and
averagad over a mter wide., It 1s 40 to 100 centimeters wide and
consigts of a bLrecclaied argillized wallrock impregnated with silica
and disseminated galena and sphalerits, and cemented by quartz,
rhodochrosita, and massive galena, sphalerite, chalcopyrite, tetra-
hedrite, and suall amouncs of pyrite and hematite. To the west,
approximately at tha coutact of the tuff with the overlying endesite,
the Caudalosa No, 2 vein dies out against a weskly mineralised vein
striking N. $5° W. and dipping 70° to vertical.

The Madona veins lie gbout 200 wcters north of Caudalosa No. 2.
They have becn developed from two adit levels, 40 moters apart vertically,
the lower adit having more than 770 meters of workings and thae upper
adit 3C0 meters. Tha veins lie in a zone 20 to 40 meters wide which
tzendg R, 75° W. (sce Plate 7). Within this zone, two long veins and

various smaller veins and eplits lace back and forth with two pro-
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dominant trends, N. 85° E. and ¥. 65°-75° W. The veins are 20 to 125
centimeters wide and contain gouge and bracciated sltered wallrock
cemented and partially replaced by vein minarals or enclosing a stringer
of vein minerals 10 to 40 centimeters wide. Vein minerals include
quartz, rhodochrosite, calcite, galena, sphalerite, tetraghedrite,
chalcopyrite, and pyrite. Vein material is banded and medium- to
coarge-grained. Vein walls are sharp and marked by 5 to 20 centimeters
of gouge. Mineralization ia erratic, and best developed in sections
striking N. 65°-75° W. Ore shoots are small, seldom exceeding 10 meters
in length, 1.5 meters in width, and 20 meters in height.

P. Caudalosa Mine

The Caudalosa mine is in the center of the district, 2 kilometers
north of the west end of Laguna Orcococha (see Plate 2). It ia reached
over 3 kilometers of narrow unsurfaced road that connects with the Pisco-
Buancavelica road just southwest of Laguna Orcococha. The mine explores
two strong veins, the Caudalosa and the San Pedro veins, which are
exposed on the face of a cliff of andesitic lavas and pyroclastic
rocks. These veins were worked superficially during colonial times,
but extensive underground operations were not started until the end of
the 19th century. The mine has nearly 15 kilometers of galleries, and
workings extend from 4530 to 4830 meters elevation (see Plate 8). A two
compartment shaft extends from the surface to the 4570 meter level and
services the three principal levels of the mine, the 4640, 4610, and
4570 meter levels. The upper workings are adit levels, eight of which
ere on the Caudalosa vein and four on the San Pedro vein. The lowest
level (4530 meter level) was driven after the work for this report was

done, so no information is available.
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Lead, copper, and zinc are the principal metals mined and com-
centrated at Caudalosa. About 50 to 230 grans of silvor per ton, 10
to 20 grams of biscmuth per ton and 0.1 to 0.5 grams of gold per ton
are also recovared in tha lecad-copper coucentrates. Ore is concentrated
at tha mina in @ sink-end-float and flotation plant, which can handle
150 tons per day. Power for the mine and mill are supplied by diesel
enginas located at the mina, |

The Caudalosa and San Pedro veins trend west-northwest, and dip
steeply to tha south (sce Plates 9 and 10). They divergs slightly
towards the east, and lie 120 to 250 meters apart. Thasae veins are at
least two kilometars long, and probably extend at least from the
Candalaria mine, northwaest of Caudalosa, to tha Madona area in the
southeast, a total distance of 3 kilomcters. These two veins average
90 centimeters wide but ara up to 3 meters wide in places. They are
composad of alternating bands, 1 to 75 centimeters wide, of gouge,
breccia, altered wallrock, quartz, rhodochrosite, and gulfides.
Sulfide stringers are 1 to 50 centimeters wide, and two or more stringers
may be present. Both veins, and {n particular the Caudalosa, are accom-
panied and ian a few places cut by lste gouge-filled faults containing
stibaite. Surface mopping indicates reversa dip slip movement along
the vein zones with an apparcut vertical displacement of 25 to 30 moterw.

wallrock in thea upper part of the Caudalosa mine is andesgite lava,
but below tho Temarario level (4633 meters altitude) andesite pyro-
clastics predominate. These pyroclastic rocks consist of fine- to
medium~grainad andesite crystal and ash tuffs, gscattered lenscs of
andesite, lava, and, in the lower portions, subordinate tuff breccilas.

This pyroclastic unit, 130 x:ters thick juat south of the San Padro



- 173 -

vein, can be traced to the Madona and San Cenaro arecas (see Plate 2).

Vein minerals coneist of stringers, knots, and dissaminations of
sulfides in brecciated, partly silicified wallrock, gouge, quartz, some
rhodochrosite, and barite; rarely gypsum, realgar, and orpiment. Galena,
pyrite, sphalerite, stibnite, and sulfosalts of lead and copper are the
abundant sulfidea. The sulfosalts are predominantly antimonian, and
are, in order of abundance, tetrahedrite, semseyite, geocronite, aine
kenite, bournonite, enargite, famatinite, and chalcostibite. The lead
antimonides, i.e., semseyite, geocronite, and zinkenite, are best
developed between the San Felipe level (4760 meters elevation) and the
4610 meter level in the Caudaloss vein, ;nd between the San Pedro level
(4700 maters elevation) and the 4610 meter level in the San Pedro vein.
Although both veins contain bournonits and tetrahedrite throughout,
these and other copper sulfosalts are best developed at and below the
4610 meter level.

Banding of sulfides is well developed, although individual bands
mey be irregular or lenticular. The bands are from 1 to 75 ceantimeters
wide. Although sulfides show symmetrical banding the vein as @ whole
fs usually asymmetrically banded (see Fi{gure 11). Vugs and cavities
are not common, and when pregent are ganerally only 1 to 5 centimeters
in diameter and usually lined with quartz, pyrite, sphalerite, or lead
or copper sulfosalts, or late mincrals such as stibnite, barite, or
mwm: Some cavities are filled with botryoidasl growths of sulfides,
individual knobs of which are 5 to 10 centimeters {n diameter at the
base and 1 to 5 centimeters high and are made up of concentric layers
of di{ffarent sulfides (sce Figure 16). Mineralization {3 not uniformly

dfstributed along the vains, and especially on tha lower levels, and
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. long stretches of low-grade or barren material, consisting mainly of
gouge, partly silicified breccis, and quartz are present.

The principal factor controlling ore deposition was veln attitude;
the most favorable sites for ore accumulation were sections with low
dips (45°-65°%) (mea Pigure 14). Larzer ore ghoots attain lengths of
50 to 75 metars, heights of 20 to 40 motsrs, and range in width from
1 to 3 meters. Smaller ore pockets, 5 to 15 meters long, 5 to 20
meters high, and 1 to 2 meters wide, are common at flaxure in both dip
and strike.

Splits are not very important and usually mineralized for only
short distances. The best mineralized of these sre: 1) a loop split-
ting off tha hanging wall of the Caudelosa from the Temerario to the
ﬁcn Felipe levels; 2) a vein splitting off to the east of tha 4640 level

. of the Caudslosa vein and developed for 50 meters on the Temersrio level;
and 3).an unnamed vein developed for 75 metars on the Victoria Mueva
leval, that is probably a split to tha southeast off the hanging wall of
the 8an Pedro vein, Within 200 meters of efther side of the mein veins
four or five weakly minaralized structures have been explored without
promfising results. Thege structures are parallel to the main veins and
have no visidble connection with them,

Caudalogsa, the northermmoat of the two major veins, is the best
minerglized (sce Plate 9), It has beasa developed for 245 meters
vertically and 40 to 1200 meters horizontally on ten levels, It strikes
M. 80° W, et tha eastern end and N. 60% W. at the western end, Dips
Tange fram 70° 8. to 70° N., but tend to be stecply southward, Width
Tangea from 10 to 200 centimcters and averages about 85 centimcters.

D  2anding in the Caudalosa vein 1s more complox snd fndividual widths

tarrower than in the San Paedro vein, Rhodochrosite, stibnits, and the
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. sulfosalts are more abundant {n the Caudalosa vein, and enargite,
famatinite, and chalcostibite are restricted to it,

The San Pedro vein has beecn develcped for 260 meters vertically
and for 60 to 100 meters om scven levels (sce Plate 10). It strikes
N, 380° E. at the easterm end and N. 30° W. st the western. Dips range
from 40° 3. on the upper levels to 60° N. on the lower, Widths range
from 20 to 200 centimeters and average about 95 centimeters. Vein
material is more siliceocus, less mineralized, and contains more breccila
than the Caudalosa vein. Barite is more common in the San Pedro vein,
especially in the upper levels, than in the Caudalosa vein.

G, GCandelaria Area

The Candelaria area 1s 1.5 kilometers northwesz of Caudalosa (see

Plates 2 aﬁd 3), at an altitude of 4750 to 4850 meters, and is ouly
. accesaidle by trail from Caudalosa.

The andesite flow rocks of the area are cut by a belt of weakly
mineralized veins, which is 150 to 250 meters wide and over 1000 meters
long. The belt trends M. 70° W. on its eastern end, and N. 80° E. to
the west. This belt is probably the continuation of tha Caudalosa and
San Pedro veins of the Casudalosa mine, but correlation {s tentative as
the intervening areca 1s covored with glacial debris.

Mineralizatfon within this belt follows two principal sets of
fractures, one striking N. 70° W. and dippilag 60°-90° N, to vertical,

and the other striking N. 50° W. and dipping 70°-75°. A minor set of
mineralized fractures stxikiag N. 60°-90° E. and dipping 70°-90° N, 4s

cormon {a tha wastern end of tha gzone.
The vaeins ia the Candehu;u area sra 20 to 100 centimcters wide and

. crop out for 50 to 1000 maters. They contaln principally breccia, gouge
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. and silicified rock, with 5 to 50 centinmeters of quarts, pyritas,
sphalerite, galena, totrahedrite, geocronite, semseyite, sinkenits,
and disseminated hematita. Overall mineralisation is gencrally shallow
and contains few sulfides. Mireabla quantities of sulfides were ouly
seen in ona vein, striking N, 70° W, V

The principal underground workings of tha area are the three adits
of the Candelaria mine. The lowest of these, level 1, lies at 4740
maters altitude, and explores the probable extension of the Csudalosa
vein for more than 175 metara. Level 2, a 225 meter crosscut, liss
25 meters higher, and level 3 is a small crosscut., Elgevhere within
tha area the veins have been explored by aumerous pitas and small adits
vhich are all inaccessible.

H, Bonanza-Sepuridad-Yahuarcocha Area

. The Bonanza-Seguridad-Yahuarcocha arca is in the northwest corner
of the district, abtout 3 kilometers uorth of Laguna La Virreyna (see
Plates 2 and 3). This arca {s about 750 maters wide and extends from
the north slopc of Cerro Santa Cruz to lLaguna Yahuarcocha, about 3.3
kiloxeters to the west. It is reached only by trail from Laguna lLa
Virreyna or the Caudalosa mine, Altitudes of the mine workings range
from 4500 to 4750 meters.

The veins of this arca were certainly known to Spanish colonial
uines, &xc apparently no extensive work was dona until the end of the
19th cex;tuty. Early in the 20th century Augustin Arias end others
operated mines 4in this arca, but production was small and mining
activity short-lived, The ruins of two large mine camps at Bonanz=a

' and Yahuarcocha and roomants of a well-constructed wagon road indicate

former activity, which opencd an estimated 2500 meters of workings in
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. soma 15 to 20 adits.

Flatelying andesite flows and flow brecciss finterbadded with small
anomts of andesitic pyroclastics underlia the areca. On the north
slope of Cerro Santa Cruz are a scrics of dike-like intrugions of quarts
latita porphyry, which fall along a single arcuate line striking N. 75%
90° B.

The Bonanza-Seguridad-Yahuarcocha area has at least 20 veins that
can be dividad into two principal systems, ona striking B. 459-65° E,
and the other striking M. 60°-75° W. Most veins dip steeply north or
south, the only notable exception is the Bomansa vein vhich dips 45° §.
Most veins are fram 25 to 300 meters long; the Bonanza vein, however,
on the east end and two veins on the wast end of the grea crop out for
more than 1000 metara. Veins of both systems are weakly mineralized

. and consist of 20 to 100 centimcters of argillized or silicified,
brecciated wallrock and gouge with sporadic sgringers and lenseca of
quartz. Tha stringers of quarts ara 10-40 centimeters wide and contain
disseminations or veinlets of pyrite, sphalerite, some galena, and
occagsional tetrahedrite and chalcopyrite.

A third very weakly aineralized set of fractures strikes N, 25°-
30° E. end dips about 65° 8. These veins seldom exceed 20 centimaters
in width and either split off the N. 45°-63° E, veins or cut them with
& slfght offsat.

The easterrmost minas and prospects of this area lie ncar the head
of tha valley Callején Grande. Mineralized structures on doth flanks
of Callej6m Crande have bean oxplored by some 10 adits, most of which

. 8re {naccessible, Oualy the Bonanza vein, on the south side of the

vallay produced ore.
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The principal vorkings on the Bonanza vein are the Ruperto adif,
. at the castern end of the vein, and the Bonanza mine, 650 meters o
the southwest. Both of thase workings are inaccessibla.

Tha Seguridad srea 1s 1.5 kilometers southwest of thae Bonanza
mine, oun the east side of Callejdn Grande. The area has six inacces=
sibla adits on five or six short veins.

The Yahuarcocha arca lies 750 metera east of Seguridad on the
vest side of Csllején Grande. This area, which is just east of laguwos
Yahuarcocha, has six adits on at least 10 minoralized structures.

I. Cerro Roliquias Area '

The Carro Reliquias srea centers around Cerro Reliquias on the
western end of the district, and 1s 4 kilometers west of the Caudaloss
mins and 3 kilometers east of the Banco Minero's Pacococha mill (sce

. Plate 2). Tha area 13 about 3 kilometers long by 1 to 1.3 kilometers
vida and lies just east of laguna la Virreyna and Laguna San Francisco.

The Cerro Reliquins ares was one of the most active and productive
during the early history of the district. Mora than 100 adits, inclices,
trenches, opencuts, and pits are evident, but most of them are inscces=
sible. In recent years activity has been sporadic but steadily incroas=
ing. Early mining cperators sought the enriched surficial native silver
and silver gulfide ores, more recently silver antimonides and srgenti-
ferous tetrahedrita were explofited. Currently the arca is producing
principally lead end zinc, with minor smounts of copper and silver.

By 1953, the Santa Teressita end Matilde mines together were producing
&lost 10,000 tons of ore por yeer.
Over 50 veins are known in tha Corro Reliquias (sca Plate 9), ra2sing
. fron 25 to 1200 meters long, and from 25 to 175 centinaters wide. Veins
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of this area can be divided into two groups on the basis of attitude.
The largest and ooet productive veins strike N, 45°-70° W, and dip
60° S., and include, from north to south, Yunque, Perseguida, Saca 81
Puadaes, Matilde, £1 Doller, end Restzuradoras I and 2. A second group
of veins range in strike from N. 70° E. to B.-W. and dip from 65° S.=
55° ¥., and include ¥ata Caballo, Pozo Rico, and Restauradora 3. Veins
of these two groups do vot cross, but terminagte against one another,
in placas showing dacided decrease in mineralization ncar the inter-
 section. Post-uineral left-lateral faults, striking N, 43%-55° 2, and
dipping 50° SE. to 80° WM., cut the Saca S{ Puedes vefn in the Santa
Tereaaita xina.

In general, the veins in the Cerro Reliquias arca have poorly
dafined walls and contain large amounts of brecciazed wallrock cementsd
by quarts or rhodochrosite. Hypogens sulfide minersls fncluds, in
order of their abundance, sphalerite, galena, tetraghedrite, and chalco-
pyrite. Supergene chalcocite, covellite, and rarely gnlsana wers also
obsarvad.

The hizh silver production during colonial times was probably
derived frou native silver, acanthits, pyrargyrite, and miargyrite.
The only silver minerals noted i{n the Carro Reliquias area in this
study wors pyrargyrite and miargyrite which coat thin cracks in the
uppar 50 meters of the Mata Cabello, Saca Si Puedes, and Perseguida
veins.

Gangue minersls include quartxs, rhodochrosite, barite, pyrite
scricite, and rarely bhematite and amethyst. Tha sulfides ere medium
grained and are dissominatad through tha quartz or rhodochrosite,

either {adiscriminately or 4a vague banls. Crustifisd banding of veln



. naterial is not well developed; on the other haand, cockada textures
are comon. Vugs are rare and where present are small.

Andesitic lava flows, 5 to 30 meters thick, interbedded with 1 to
5 meter beds of andecsite flow breccia, underlis the area in flat-lying
beds.

The only mines in the Cerro Reliquias area active at the time of
this scudy werae Santa Teresita and Matilde (see Plates 2 and 3)., The
Santa Teresita mine explores the two largest veins of tha arss, Sacs 5%
Puedes and Mata Caballo (see Plate 12). The Santa Teresita mine is 1.5
kilometers east of the Lira mine, at ths east edga of ths Laguna la
Virreyna basin, and can be reached over two kilometers of dirt road
from the Lira mine. It develops the Saca Si Puedes vefn from two adit
levels 40 meters apart vertically; the lower or 420 level explores the

' vein for more than 450 meters, whereas tha upper or 460 level explores
it for about 300 meters. The Mata Caballo vaein, which terminates
against the Saca 31 Puedas vein just north of the mine has been found
in both the 420 and 460 lavels. It appesars on the 420 level as a wesk
10-centimeters stringer splitting to northeast off the footwall of the
Saca S{ Puedes vein., On the 460 lavel the Mata Csballo vein consists
of 30 ceatimeters of rhodochrosite, quarts, pyrita, sphalerita, galena,
and chalcopyrite, end was found about 100 maters to the north of the
Saca Si Puedes vein. On both lavels, only about 50 meters of the Mata
Caballo voin has been explored.

Tha Santa Teresita mine produces about 9,000 toans of lead-zinc-
copper ore per year., All ore 1is shipped to the flotation mill at the

Caudalosa mina.
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The Matilde mina is about 0.5 kilometers northeast of Laguna San
Francisco and 1 kilometer southecast of tho Santa Teresita mins. It lies
in the cliffs cast of Laguna San Francisco and is reached only by mule
trail. The mine consists of an adit sabout 250 meters long, and a
lower, blind level about 150 meters long. The first 120 meters of the
adit are driven along the Entrada vein that dies out against the
Matilda vein. Production is about 10C0 metric tons of lead-zinc-copper
ors per year.

Table 1 is a regumé of all of thz veins of importance in the
Cerro Reliquias area. Manjv ara inactive at prasent but all have been
worked,

J. la Virreyna Area

The La Virreyna area lies on tha south shore of lLaguna la Virreyna,
about 1 kilometer northeast of the Banco Minero's flotation amill at
Laguna Pacocochs and about 10 kilometers north of the town of Castro-
virreyna (see Plates 2 and 3). The arca has two principal mines, Lira
end Carmen, and {s the westernmost mineralized area of tha district and
the lowest in altitude, lying at about 4525 meters above sca level.

The area is reached over 2 kiloaeters of all-weather unsurfaced road
that leaves the Pisco-~Huancavelica road at Laguna Pacococha.

Lira, the larger of tha two mines, produces 3000 to 6000 metric
tons of lead-zinc~copper ore per year, vhich {a concentrated at Pacoco-
cha. The mine has exploitad all but the southornmost veins of the area
(sec Plate 13), and has nearly 3 kiloucters of underground workings on
six levels over a vertical range of 65 meters (see Plate 14), These
lovels are, from top to bottom, the Justicia, Roaits, and Luz adit

levels, and the Pique, Caldera, and 60 levels. Tha principal level,
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. the Caldera lavael, transects the area from north to south with a 340
meter crosscut and develops, to a greater or lesser extent, seven of
the principal veina of this area. This level serves as the main
haulage-vay and 18 reached from the surface by the Caldera inclina
The 60 level was being driven 30 meters below the Caldera level at
the tima of this study and 18 not shown on the mmps.

The Carmen mine 1li{ce 1 kilometer south of the Lira mine and
axplorea the southermmost vains of the area, the Cormen-Comstante sud
Beatita veins (sce Plate 13). The mine {s ownaed and operated by C438T
Pozo & Sons of Lime, The annual production is about S000 metric tons
of lesd-zinc-copper ore which is treated at the Bamco Minero mill st
Parococha. Tha mina is davaloped on three levels, the zero, 35, and
70 levels which are connested to the surface by a shaft and an facline.
The mina has mor2 than 900 meters of underground workings and extensive
{rragalar surfisial workings (sea Plats 15). The 70 level was bsing
oponed at the time of this study and is not shown on the maps.

The ares 1s undsrlain by sandasite flow brecciss wvhich show oo flow
structures or beddins, srs presum:d to be flat-lying like the andesite
flou tvocks in thao Cerro Rzliquias area to the east,

The minevalized srea of la Virreyna {2 500 meters wide in & N.-S.
direction by 750 meters long, and is cut by nine principal veins, 100
to 375 meters long (sce Plate 13). The principal veins are, froo north
to scuth: Caldarz, Del Camino, Sanchez Cerro, De la Cruz, Lire, Ik,
San Aatonio, Carman-Constante, and Beatita, They cen be divided into
tuo groups on tha besis of attituds, one striking W, 55°-80° E. gnd

. dizping cither 75° M. or 75° S. and the other striking W. 55°-90° V.
a-d dipping 65° N. to 65° §,



Vaetas striking N. 559-80% E. ara the best mineralized, and all
but the San Antunio, Carmen-Constante, and some small umnanmed veins
belong to this group. They generally maintain constent strikes and
dips; flanures are small usually involving changes in strike to dus
east for 5 to 25 meters, or localized changes in dip of 10 to 20
degrees. Splits both to the southeast and northwest are frequent and
ara favorable sites for ore accumulation. Vein widths range from 20
to 300 centimeters and average about 20 centimeters. The most productive
veins of this group are ths Caldera, Sanchez Cerro, Lira, and Beatita
veins.

Veins of the second group strike N. 559-90° W. and moat of thea
ara in tha southwestern corner of tha area detween the Lira and Beatita
veins, where they feather out to the northwost from the Beatita vein,
Many of the small stringers that split off the N. 50°-30° E. group of
veins have oricntations of this second group. Veins of this N, 55%-
90% W, group are shorter, generally narrower, more sinuous {n course,
aud wore erratic in mineralization then thogsa of the former group.

The only veins of this group with economic {mportance are the De la
Curs, an erratic split of the Sanches Cerro vein, the San Antoanjo, and
the Carmen-Constante.

Mineralization of both the N, 50°-80° E. and N. 55°-90° ¥. ves
probably conterporancous. Tho San Antonio-Beat{ta intersection, the
only vefn-crossing observed, shows no offgset. Cencrally vein iater-
scctions ara either gimple eplits or pinch outs of minoralization
against one gnother with no indicstioa of faulting.

The veina of the La Virreyna area consist of sphalerite, galena,

tetrahadrite, end chalcopyrite, pyrita, gouge, and raraly rhodochrosita



‘v

‘I1 91qel ®88 SUOTINIABIGQP IO

*Apnas s3y3 ug v ©I¥Us) ueg
peII8IA Jou woly ! 001-0¢§ ¥ "HoSLN 30 MN Wty
i (6z61) soyseyn i 00§-00% H N-3 ‘w391x9 v :
H Lq dew wmoxg l 002-04% l "MoSS N 3o M wvg qoodex0g
(69L1)
‘Koauvoy asg
Ll &) BITT JO °M
(oru3) TwyuLTOD LT In0 Wi ‘orqeq
s3upjioa g1 paAIoaisuida §  (001-0§ 009-00€  °N_S8%p8 "Mo08°N ugs 0119
e3'ds
(091) ‘Ad‘mesypzab - wsojepne)
Ipe 0z-0 ‘83‘ag  001-07 002 *No08~ 009 ‘MoS8 R 3o "y oz wayawdasy
| (owuy) s3‘ds‘qyis‘4d BGOITPNED -
s3Ipe T ‘zab oz-0fag 001~-09 006 ‘NoC9 ‘MoSSN 3o *n ™6°¢ sunilog
- ¥Y2020220
2] sunde]
‘de‘Ad‘m3b 3o 01-0 0£-01 006-No0Z M~3 30 "M w002
‘osym ({  saeBuyils yIja 01-0 . 0$~01 o006 sxaSuyags ‘ggoiepne)
(moy) 3rpe 2u03 3INnE] wi-€ 00¢T o006 ‘MoOS'N Jo *g wig dodwueY
dyo‘e8‘de saInbjrey oaaen
(awuy) ‘mpsip‘39dswe| Jo ‘3 Wz
s8xwy  ‘a3b‘aq 138 W ) fesoyepne) .
Irpe 0%-07 ‘a2 3TV 007-001 00¢ "RoSS *Mg05°N 30 MSS wvg I203y
(wn) (sae33u)
VOFIOTFIRANTH §IPTM yiduey d1q 01238 voj3uvd0] BUIY
doxdang
uu«uu-«n BUABIITAQIIER) U U SIUTW SNOBUR]{OISTH IIIT oIqel

o

chﬂ'



P 2t in quarcz, breccisted and silicificd or argillized wallrock. Tha
sulfide minersls form massive bands and small stringers, or coment
brecciated altered wallrock. They ars medium to coarse jrained. Vein
material 1is heterogeneous or shows vagua banding which tends to separate
pyritae and chalcopyrite, tetrahedrito, and galena and sphalerita into
bands. Tha banding is usually asymmetrical but follows a general
pattern, from the center ocutward, of galena and sphalerite, tetrahedrite
with or without quarts; and €inally chalcepyrite, pyrite, and quarta.
Veins are usually massive but contain elongats vugs lined with galcna,
sphalarite, totrahedrite, or quartz crystals 1 to 5 centimaters across.
Vein material i3 compact and not triturated, although crystal gliding
and racrystallization due to shear are shown by galena in the Carmen-
Conatante vein. Vein walls are sharp and usually marked by 5 to 15

. centinaters of gouge.

K. Miscellancous Mines

Tabla III gives in abdbreviated form the available information om
a few scattered mines which have not becn described in this report.

Most of these amines were inaccessible so information is poor.
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Mine Production
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Table IV: Mine production and prade of ore, Carmen mine, 1941-1953

Year Ore Silver Lead Copper Zinc
{metric tons) (grams/ton) (percent) (percent) (percent)

1941 378 304 15.05 2.04 19.59

1942 No data

1943 No data

1944 326 203 7.3 1.8 9.6

1945 361 243 7.6 1.9 9.3

1946 669 132 6.5 1.1

1947 Ho data

19438 531 158 6.8 .8 7.5

1949 173 108 3.9 3.6

1950 No data

1951 523 140 4.5 .75 3.0

1952 3,007 379 3.5 1.7 3.6

1953 3,581 512 2.9 2.5 3.9

1954 4,399 536 3.5 J.o 4.2

1955 No data

1956 6,767 176 3.8 1.3 4.1

1957 6,631 298 2.0 1.7 2.2

1958 5,220 437 2.4 2.5 2.3

Source: Banco Mincero dal Pexd
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. Table V: Mctal production, Caudalosa mine, 1927-1957

Year Gold Silver Copper Lead Zinc
{oracs) (kilograms) (tons) (tons) (tons)

1927 3,010 4,915 141 35

1928 2,350 3,415 110 37

1929 1,970 1,428 47

1930 1,790 2,016 69

1931 1,970 2,416 82

1932-33 o data
1939 503 413 9
1940-48 No data

1949 7,9:8 8,377 196 330
1950 3,913 7,833 492

P 15 6,949 186 617 610
1952 4,001 97 709 610
1953 6,566 1“1l 1,097 632
1954 12,540 9,925 213 1,599 694
1955¢ 13,892 11,645 298 1,632 798
1956+ 14,123 13,100 321 1,480 738
1957 16,94 13,677 312 1,593 911

® Includes production for Madona, Matilde, and Santa Terasita
mines.

Bource: Corporacién Mincra Castrovirreyna.
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. Tabla VI: Mine production and crada of ore, Lira mine, 1941-1953

Year Ore Silver Lead Copper Zinc
metric tomns ans/ton rcent rcent rcent
1941 431 261 8.45 1.2 5.8
1942 1,967 218 8.3 1.2 6.3
1943 No data
1944 8,115 302 6.6 1.7 6.1
1945 1,067 271 5.4 .75 4.0
1946 3,275 324 6.3 1.5 6.5
1947 4,230 340 4.1 2.0 6.4
1948 6,791 231 3.1 1.0 3.9
1949 6,676 183 .7 8 3.65
1950 6,630 267 5.0 1.7 5.1
. 1951 7,192 213 4.1 1.2 3.7
1952 6,323 224 341 .7 3.4
1953 2,943 268 5.6 .35 5.0
1954 6,344 278 5.3 4 3.7
1955 No data
1956 5,051 228 4.15 8 3.7
1957 2,785 155 4.3 4 3.8
1958 4,567 183 3.6 8 2.3

Source: “Banco Minero del Pard
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. Tabla VII: Mctal production, San Cenaro mine, 1928-1955

Year Gold Silver Copper Lead Z4inc
{crans) (kiloprans) (tcns) (tons) {tons)

1923 370 140
1929 1,810 303 13
1930 4,290 701 25
1931-35 No production
1936 4,356 735 9 28
1937-43 No production
1944 4438 7,205
1945 76,670 12,221 63 407
1946 73,724 8,796 54 402
1347 122,371 13,547

. 1948 83,674 8,235 95
1949 117 11,343 113 1,068 1,105
1950 100,085 19,872 1,167 992
1951 48,769 8,826 1,087 976
1952 48,267 10,993 993 954
1953* 79,687 18,342 93 1,850 1,083
1954» 64,839 14,711 k< 340 201
1955 117,569 21,723 35 503 106

* Includes production for Ripida mine

8ource: Castrovirreyna Matal Mincs Co.
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. A, Techniques

1. X-ray methods

X-ray powder diffraction methods were chosen as the principal
means of mineral identiffcation for the following reasons: 1) mineral-
ogy of the Castrovirreyna deposits was complex and involved many
unusual or rare sulfosalts, 2) the sulfosalts investigated were too
closely related in chemical and physical properties to permit
satisfactory identification by microscopic or microchemical means,
and 3) much of the material was too fine-grained to permit identifica-
tion by normal visual or chemical means.

Powder diffraction photographs were taken instead of using X-ray
spectrometric powder techniques (X-ray diffractometry) because 1) the
anount of pure materisl available was often too small even for spectro-
metric powder techniques and 2) maximmm accuracy in determining d-
spacing of the diffraction patterns of the sulfosalts was desired, as
published information on these minerals is scarce.

The following technique was used: finely crushed material was
formed into spheres about 0.3 millimeters in diameter with gum traga-
canth or, preferably, with a small amount of vaseline, and mounted on
the tip of a fine glass fiber. Powder diffraction photographs were
taken with a Parrish modification of the 114,59 millimeter Buerger
camera using CuKy radiation, and with the £1lm mounted according to the
Straumanis method. Eastman No-screen X-ray film was used. The line
intensities were estimated visually, using 10 for the darkest 1line and
1/2 for linea barely visible., The films were measured on an {1luminated
screen with a millimeter scale; all measurements were corrected for

film shrinkage.
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2. Spectrographic methods

All material used for spectrographic analyses was carefully
selected for purity, using a binocular microscops; esingle crystals
wera used whenever possible. Tha material was cleaned manually,
washed, crushed, cleaned of low density gangue with bromoform, washed,
and finally manually picked over with g neadle. This method reduced
the amount of impurities well below the lavel detectable by X-ray
diffraction methods, which lies around 2 to & percent of ssmpla, but
did not always eliminate all impurities. The relative amount of
impuritiecs left can best be estimated from the smount of Si, Al, and
Ca found in the spectrographic analyses. In these analyscs, however,
standard purity graphite electrodes were used, and expected contanina-
tion of 0.03 to 0.06 percent Si, traces to 0.002 percent Al, and
traces to 0,03 percent Ca were pressnt in the electrodes.

Ten milligras semples wore used and the sample burned to comple-
tion in a cup electrode. Spectrographs wera taken on 35 millimeter
film, with a dispcersion of 2 anzstroms pe;.' millineter. The films wera
read on a £i{ln cosparator microphotometer using Harvey's semiquantita-
tive method Qlarvey, 1947).

B. Supportina Investipationa

The following supporting investigations were undertaken or started
fn conjunction with this report: 1) the trace-clement content of
oelectad-sulfides, 2) the variation of the iron content of sphalerite,
and 3) the varistion in the composition of tetrahedrite versus changes
in the d-spacings.

The trace-clement contenta of sclected sulfides were investigated

in sn attenpt to diatincuish or corrclate stages of mincralization on
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the basis of trace-element asscmblages. The wide spread sulfides
galena, sphalerite, and tatrahedrite wera chosen for these analyses;
about 15 samples of cach weras analyzed spectrographically. Although
this approach was fruitful, lack of time and the difficulty in
obtaining sufficient pure material precluded an adequate sampling,
and only precursory results were obtained.

The iron contents of sphalerite wera studied to determina the
temperatures of formation of sphalerites from different veins and
different parts of the sama vein. Both spectrographic and X-ray
diffraction datas, bwever; showed that all sphalerites regardless of
color or sampla location contained less than 1.0 perceat iron, a
concentration below the limits of precise interpretation. Further-
oore, almost all the sphalerite wvas associated with pyrite, not
pyrrhotite, indicating that at beat thesa values represeant minimal
temperatures.

A atudy of the relation between the d-spacings of the X-ray
powdar photographs of tcetrahedrite and its composition was started.
The extreme difficulty of purifying and even finding enough tetra-
hedrite for chemical analysis made it fmpractical to prepare the
aunmber of samples required by the varlations {n composition of
tetrzhedrita. The study was abandoned. It is hoped that this study
of the tetrahedrite can ba continued in the future using X-ray fluores-

cense methods, which requires only small samounts of material.
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Acanthite

The X-ray powdar diffraction data of the acanthite from San Genaro
agrees with the data given by Ramsdell (1943) and Berry and Thompson
(1962), both in d-spacings and intensities. It was possible, however,
to resolve many of the doublets and triplets, especially of the
intenser lines in the front reflection region, because a camera with a

diameter of 114.59 millimeters was employed in this study.

Table VIII: X-ray powder diffraction pattern of acanthits

San Genaro mine Ramadell (1943) Berry and
Specimen C-228 Thompson (1962)

I dobs) I d(obe) Nkl d(calc) I deobs) Nkl d¢calc)

200 3.92
172 3.93 1 3.91 203 3.87
1 3.45 002 3.43 1 3.45 002 3.44
2 3415 7 3.40 {ﬁlg 3.41 210 3.43
1 3.365 212 3.37 1/2 3.38 212 3.38
41 3.08 8 3.07 012 3.075 3 3.09 012 3.08
SH 2.81 & 2.85 311 2.83
M 2.667 6 2.66 N1 2.665 2 2.67 121 2.66
10  2.59 {zzg 2.595 {gzo 2.61
AR 2.5675} 10 2.58 1555 2578 210 260 {337 2.s8
2.449 113 2.453 i 46
108 {' 10 2.44 {ng 2.435 8 2.45 {3;3 §j44
2.420 313 2.415
8 2.3705 9 2.37 402 2.3 5 2.38 402 2.38
& 2,206 7 2,205 131 2.21 3 2.22 131 2.21
123 2.09 123 2.10
M 2.0 8 2.08 {zog 2.07 s 2.09 {goz 2.08
172 2.0625 323 2.065 323 2.07

1 2.0 % 205 {zo& 2.045 1/2 2.06 304 2.05
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@ Tabie viIr (continued)

San Genaro mine Ramsdell (1943 Berry and
Specimen C-228 Thompson (1962)

I g(obs) 1 g(oba) hicl g(calc) I g(obs) hkl ﬂ(calc)

230 1.9838 311 2.01
1 1.9389 4 1.9 212 1.984 1/2 2.00 230 1.995

232 1.981 212 1.995

214 1.962 214 1.966

2 1.957 5 1.96 {aoo 196 1 1.961 {fm 1962

032 1.914 gosz 1.919

1 1.859 & 1.865 414 1.86 1 1.870 {‘ﬁ‘; :'ggg

- 333 1.722

133 1.732 002 1.720

2 1.713 7 1.72 0‘&9 1.73 3 1.719 420 1.716

333 1.7117 511 1.716

. 424 1.692

vz 168 {1 qlen

240 1.595 242 1,582

IH 1.579 5 1.58 {242 2 1.580 {521 1.382

1 1.551 2 1.556 {%g; igg‘;
331 1.546

042 1.545 232 1.547

4 1.5 232 1.541 1 1.582 {026 1.s61

2 1.5 024 1.537 604 1.539

_ 612 1.515

M 1.509 4 1.51 41 1.507 1 1.512 {31 1.514

515 1.513

434 1.485

/2 1.484 {133 1.483

M 1.479 3 1.475 133 1.477 /2 1.475 115 1.471
S 1.46 115 1.467

' 143 (1.444 533 1.459

2 14535 4 144 43 {1.435 2 1.45 {143 1.447
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. Table VIII (continued)

San Genaro mine Ransdall (1943) Berry and
Specimen (C-228 Thompson (1962)

1 Aﬁ(obc) 1 é(obs) hkl é(calc) 1 é(obs) hkl Qlcalc)

622 1.417

- 525 1.415
172 141 /2 141 622 1.407 1/2 1.412 402 1.408

626 1.407
1/2 1.376 <1 1.33 036 1.376

335 1.343
1/2 1345 55 1 435 %1 1331 %1 1.337

1/2  1.330 242 1.328 1 1.336 {262 1.333
1/2 1.318 204 1.32

600 1.31
250 1.305
214 1.30

713 1.331

1/2 1.3055 1 1.30 422 1.296

40 1.296

.1/2 1.288

QO
v
N OV
P b

a8 8BS
n

172 1.267 1 1.265 {”%

IH 1.224 3B

[+5]

/"‘W\

"~ NN

VNN

WIS

N N ol o

[ ) [ N ) [ ]
BRRRE
oB8

1/2 1.189 <1 1.18 {333

L ]
&6
W

L]

L]

<1 1.15 252

rqririe

3
P i gt o
L ]
gt ot
v

1/2 1.1265 <1 1.13 0lé

[
L]

i
«

2

1 . 062
/2 1.09 {135 1.091

1/2 1.034 1/2 1.04 337 1.03
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..ua VIII (continued)

San Genarov mine Ranadall (1943 Berry and
Specimen C-228 Thompson (1362)

I d(obs) I d(obs) hkl Q(ulc) 1 i(obs) hil é-(calc)

262 1.0}
2 1.0l {361 1.01

800 0.98
1/2 0.970 1/2 0,965 {256 0.965

216 0.95
\ 1 0.958 1/2 0.9 {m 0 95

H - dazy oxr diffuse line

B = Broad band; single measurement taken in middle, double measurement
made on edges
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The X-ray pewder diffraction data of aramayoite from San Genaro

coincides reasonably well with data given by Crahem (1951) and Berry

and Thompson {1962).

obtained batter resolution in the back reflection region and mors lines

than did the present author.

The major difference is that Berry and Thompson

Table IX: X-ray nowder diffraction pattern of aramayoite
San Genaro mine Graham (1951) Berry end
Specimen C-228 Thorpson (1962)
I deovs) T deone) M1 deaicy ¥ Zeobs) PR d¢calo)
S 3.425 2 3.43 012 3.428 2 3.44 012 3.43
022 3.244 022 3.25
4 35 4 3. {izo 3.213 4 322 {:‘zzo 3.22
3 3.16 1 3.15 210 3.146 1 3.15 210 3.15
10 2.8395 212 2.826 712 2.83
9 2.801 10 2.8306 {202 2.822 10 2.82 202 2.83
030 2.804 030 2.81
1 2.049 2 2.048 232 2.047 2 2.95 232 2.05
1 2.014 1/2 2015 222 2.014 1/2 2.02 222 2.02
1 1.971 1/2 1.967 242 1.968 1/2 1.973 242 1.972
232 1.936 232 1.940
2 191 3 1.%40 {Zlo 1.930 3 195 {7.10 1.9%
214 1,767 214 1.771
ym 17es 2 1as7 (38 LT 4 a6 (30 176
/2 1.739 1 1.738 0462 1,742 1 1.743 042 1.745
23%% 1.716 2346 1.719
024 1.714 026 1.717
1 1.716 2 1.705 (224 1.704 28 1.710 {223 1.707
250 1.693 250 1.701
422 1.691 422 1.69%
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.‘rable IX (continued)

Berry aud
Thompson (1962)

San Genaro mine
Specimen C-223

Graham (1951)

I  deobs) I d(obs) M5l d(cale) T E(oba) bkl d(calc)
402 1.673 %0% }.-g;g
1 1.669 1 1668 (2 1883 1 1672 o Len
240 1.668 260 1.671
% 044 1.625
1 1.6155 1 1.614 13‘5 i-gg? 1 1.618 (m 1'tt0
12 1.583 1/2 1.578 420 1.573 1/2 1.583 420 1.576
1/2 1.4215 1/2  1.813 ﬂgz iﬁi 12 1.417 {zg i:ﬁg
1/2 1.405 2 1.402 060 1.402 2 1.406 060 1.405

/2 1.349

.1/2 1.2855 1/2 1.297

1/2 1.287

/2 1.274

1/2 1.262

1/2 1.158

1/2 1.13

1/2  1.089

12 1.07%

R « Hazy or diffuse line

B - Broad band, single measurement taken in middle
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. Bournonita

The d-spacings of the X-ray powder diffraction pattern of bournonite
from Caudalosa are consistently lower than the megsured and calculated
spacings of lainewcber (1956), and Berry and Thompson (1962) reported 14
lines in the back reflection region which neither Laineweber nor tha
author obgerved. Spectrographic analysis of the Caudalosa material shows
appreciabla amounts of arsenic and silver, snd small amounts of iron and
zinc which may account for the incrsase in cell dimension and ensuing

decrease in d-spacings.

Tablas X: X-ray powder diffraction pattern of bournonite

Caudaloza uine Leinewadar (1956) Barry and
Specimen C-35 Thompson (1962)

I d(ove) I deovg) hkl decate) I d(obg) Bl d(calc)

100 8.14 100
3.5 35.97 110 3.97

2 5.8 12, 3.81 011 5.82 3 3.9 o1l 35.81
1 35.63 7.5 5.64 101 5.65
1 471 3. 4.73 111 4.74 1/2 4.7 111 4.73
2 422 15,5 4.35 020 4.36 4 4.37 020 4.35
2 401 20. 4,08 200 4.08 3 4.08 200 4.07
1 3.87 30. 3.90 002 3.90 8 3.90 002 3.90
S 383 37.5 334 120 3.2
2 3.6 20. 3.69 210 3.70 2 3.68 210 3.69
201 3.62
102 3.52
121 3.45
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. Table X (continued)

Caudalosa mine Leineweber (1956) Berry and
Specimen C-35 Thompson (1962)
I

é(obs) 1 -‘-!—(obs) hkl ﬁi-(cal.c) I g-(obn) bkl g(calc)

/2 3.33 3.3 3.% 211 3.3
3.25 18. 3.27 122 3.27 3.27 112 3.26
2.96 25.5 2.998 220 2.978 2.99 220 2.97

2.89 138. 2.910 022 2.%08 2.90 022 2.90

N O~ SN

2.805 26.5 2.823 202 2.822 2.82 202 2.82

IR B

2.768 12. 2.786 221 2.733
10 2.727 100. 2.739 122 2.739
130 2.736 10 12.74 130 1.73

031 2.722

® 9. 2.735 {300 2.720
6 2.667 45.5 2.637 212 2.685 4 2.69 212 2.68
26. 2.597 310 2.597 s 2.5 310 2.59

35 2.585 9. 2.583 131 2.532
/2 2,557 7. 2.5371 301 2.570

013 2.493
103 2.454
311 2.465
3. 2,383 113 2.385
1 2.355 11.5 2.363 {:g §;§§2 12y (:g ;:332
1M 2,298 8. 2.303 320 2.308 1 2.3 320 2.3
3. 2,267 231 2.264 1 2.2 231 2.26
1 2,227 7.5 2.2413 132 2.2402
. 3.3 2.2339 302 2.2323
321 2.2123

203 2.1953
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"’ Table X {continuad)

Caudalosa unina Leineweber (1956) Berry and
Specimen C-35 Thamson (1962)
1 g(obs) 1 Li'(obs) s -‘-‘-(calc) 1 g(ob-) hkl 2(<:al<:)

1/2 2.161 3.5 2.1791 040 2,.1781
4., 2.16521 312 2.1621
123 2.1552 /2 2.16 123 2.15
213 2.1290
2 2,096 12, 2.1119 140 2.1035 2 2.09 140 2.10
400 2.0316 1/2 2.02 400 2.04
1/2 2,026 5. 2.0316 141 2.031%
232 2.0234

410 1.9868
410 1.983
(322 1.9863 3 1.985 (322 1.953

. 4 1.980 31.5 1.9853 oo

401 1.9746
15.5 1.9608 223 1.9616

3 1.947 31. 1.9528 004 1.9528 3 1.945 004 1.950
3. 1.933 033 1.9371

411 1.9255
S. 1.9209 ({331 1.9239

240 1.9216

042 1.9019

4.5 1.9004 {106 1.8989

133 1.8856
1/2 1.879 8. 1.8834 {303 1.8805

1/2 1.868 241 1.8660
114 1.8560

142 1.8524 142 1.850
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Caudalosa mine Lleineweber (1956) Berry and
Specimen C-35 Thompson (1962)
1 Qobs) I  Y(obs) hkl decalc) I d(obs) Bkl d(cq1c)
1/2 1.8)9 313 1.8391

402 1.8084

9. 1.7984 421 1.7984%
1/2 1.79% 9. 11,7865 024 1.7878

5 1765 52. 1.7672 {332 17499 6 1.765
1 1.73% 10.5 1.7585 204 1.7518

172 1.728

2 1.664

. 2 1.631

1/2  1.585

2 1.5%

1 1.480

2 1.427

1 1.339

1 1.%5

1 1.3%7

1/2 1.252

1 1.2

1 1.152

1/2 1.118

1 1.106

.B - Hazy or diffusa lina
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' Chalcostibite
The X-ray powder diffraction pattern of chalcostidite from Csudalosa
agreas with data of Berry and Thompson (1962), but the Caudalosa material
gave consistently lower velues for d-spacings. Tha principal impurity of
the Caudalosa chalcostibite is fron (see Table XXIV),

Table XI: Xers diffraction pattern of chalcostibitre
Caudalosa mine Berry and
\ Specimen C-67 Thompson (1962)
I S'-(g,_lgl z é(oba) hicd é(cﬂc)
2 7.31 ’ 2 7.38 020 7.24
7.20
1 4.62 1 4.67 120 4.63
011 3.66
10 3.13 {111 3.13
8 3.09} 10 3.33 {30 310
1G 3. 200 3.01
8 2.91} 2 3.00 {osx 2.98
1 2.94
1 2.763 1/2 2.79 220 2.78
1 2,542 b 3 2.56 230 2,55
? 2,398
6  2.295 4 231 {g‘;“l’ 2.22
’ 160 2.24
3 2.237 2 2.24 {221 2.
4 2.113 3 2.12 031 2.12
b 3.894 3 1.895 002 1.895



D 1able 11 (continued)

ozm-

Caudalosa mine Berry and
Spacimen C-87 Thompson_(1962)
1 2(calc) I dobe) bkl d(calc)
4  1.826 4 183 { 1
m  1.807 vz sy {Jnn 1817
T 1,780
5 1.7548 5  1.762 {3},3 ::;g:
V2 1.7% 12 1743 11 1.7
1 1,709
W 1.683 1 1.687 261  1.686
® 2 1.6155 2 1.621 142  1.619
1/2  1.6025 1 1.603 202 1.603
7 1.5905
{190 1.35%
2 1.548 1 1.55% (271 1.555
280  1.552
370 1.441
3ones G5 1y
281 1.4%
12 1.3n {';ﬁ 1o
m 1.15 1 1.4
/2 1.308 1 1.308
3 1.2865 2 1.287
172 1.2%8 1 1.258
D ? 1.2225
1 1.9 2 1.199
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. Table XI (continued)

Caudalosa mine Berry and
Spacimen C-67 Thorwmson (1962)
I Q(calc) I -i‘-(obs) hkl -‘!(cnlc)
1/2 1.1%0 1/2 1.192
? 1.155 1 1.160
1/2 1.1425 2 1.143
1/2 1.132 1 1.133
? 1.093
7 1.062 1 1.079
1R 1.0675 1 1.063
1/2 1.005 2 1.006
1/2 0.979 2 0.930
. 1/2 0.960
1/2 0.949 1 0948

H - Hazy or diffuse line
? « Possible faint line
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Enargite
Measurement of the d-spacings of enargits from Caudalosa agrees well

vith those givon by Gaines (1942) and aslmost precisely with the data of
Berry and Thormpson (19462), except for tha sbsence of s few lines in the
photographs of the Caudsalosa material, particularly in the back reflection
region. Although Stevenovid's (1901) analysis of enargite from Caudalosa
indicates pure enargite, the spectrographic analysis shows appreciable
smounts of antimcny and sevaral traca elements (see Table XXV), some of

vhich may be due to inclusions of famatinite or tetrahadrite.

Table XII: X-ray powder diffraction pattern of enargite

Caudaloss mine Gaiunes (1942) Berry and
Specimen C-122 Thoapson (1962)
1 gtobs) 1 £!-(tﬂ:m) X g(obs) hkl g(calc)
1/2 6.46 100 6.41
1/2 4,87 110 4.85
10 3.21 100 s.21 {uo 3.21
va 322 200 3.20
120 321
L XS {zoo 3.20
9 3.08 80 3.08 & 3.08 002 3.07
1/2 2.97 210 2.94
10 2.852 100 2.85 8  2.87 ggi :-gz
122 2.12
4 2.224 40 2.22 3 2,22 {202 222
172 2.06 310 2.05

1/2 1.910 222 1.904
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Caudalosa miaa Galaes (1942) Derry and
Ssacimen C-122 Thompson (1962)
I ¢obs) b d¢oba) 1 d¢oba) bkl d¢cq1c)
\
9 1.859 90 1.36 9 1.859 ggg {'gg';'
8 1.731 60 1.73 6 1.731 gg %;ﬁ
1/2 1.5C3 4 1.608 233 i%
5 1.59 50 1.59 5 1.59 g‘g i‘ssg';
2 1.556 10 1.56 A 1.556 {2‘5} :jg‘;
242  1.424
1 1.423 5 1.43 1 1.425 {402 1.422
o 026 1.421
250 1.347
1/2 1.349 {433 1.345
243 1.264
4 1.266 30 1.27 4 1.266 (510 1.263
403 1.263
2 1.215 10 1.22 4 1.221
2 1.19 10 1.20 4 1.197
3 1.151 10 1.18 1 1.155
1 1.131 s 1.13 1 1.13%
M 1.07 s 1.07 s 1.075
M 1.047 40 1.05 s 1.049
1/2 1.030
2 1.015 20 1.01 3 1.015
2 0.973 s 0.973 1 0.980
D 1 0.929 s 0.928 4 0.932
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Caudalosa mine Caincs (1942) Berry and
Snecimen C=122 Thompson (1962)
I Zobs) 1 deove) T dobe) Pl decatc)
1 0.899 5 0.899 i/2 0.%00
1 0.891 2 0.893
1/2 - 0.886
44 0.365 5 0.861 2 0.868
1/2 0.858
2 0.319 S 0.813 5 0.819
1/2 0.804
/2  0.797

. H - flazy or diffuse line
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. Famatinite
The d-spacings of the X.ray powder diffraction photograph of
fanatinite from Caudalosa are slightly lower than the spacings given by
Gatnes (1957) and Berry and Thompson (1962). !Moreover, Caines obtained
better resolution and many more lines. Both Stevanovié's and the author's
analysias of the Csudalosa material show apprecisble amounts of arsenic
(sea Table XXV1), which could account for the shift i{n d-spacings from

ideal values.
Tabla XIII: X-ra r diffraction pattorn of famatinite
Caudalosa nine Gaines (1957) Berry and
Specimen C«122 Thonpson (1962)
I dene) ¥ Yeove) BB decar) T deons) B decar)
. 1/2 5.24 2 5.261 002 5.380
1 4.72 3 4,731 101 4.811 2 4.77 012 4.77

/2 4.35 112 4.3

1/2 3.745 | 3.752 110 3.805
10 3.05 10 3.on 112 3.106 10 3.08 222 3.08
/2 2.935 2 2.952 103 2.98%4 1/2 2.96 023 2.96

H  2.652 S 2.664 2.690 3 .67 004 2.67

200

/2 2.3825 2 2,390 202 2.405

/2 2,318 3 2,33 211 2,348 Y2 1.33 124 2.33
” 2 2,181 114 2.197 1/2 2.18 226 2.18

V2 1963 4 1985 213 1.997 Y2 1973 (95 1982

8 15870 8 1.895 220 1.903 7 1.838 044 1.837
® 2 1.787 006 1.793
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@ robie x111 (continued)

Caudalosa aine Gainas (1957) Berry and
Specimen C-122 Thompson (1962)

I  d(cba) I d(obs) Bkl d(cale) I d(obs) Bkl decalc)

1.469 2l 1.A77
1.434 314 1.437

2 1.763 301 1.768
1 1.693 310 1l.701
3 1.599 7 1.614 312 1.622 5 1.610 226 1.609
i 1.5875 2 1.597 303 1.603
1 1.330 3 1.547 224 1.353 1 1.542 444 1.340
1 1.485° 206 1.492 1/2 1.473 046 1.480
2
2
2

1.373 323 1.377

2 1.3285 5 1.342 450 1.345 3 1.336 008 1.33%
M 1.319 1 1,304 402 1.304
2 1.296 a1l 1.295
1 1266 330 1.263
6 1.232 332 1.2%
an 1.216 {1 1.225 413 1.226 4 1.226 266 1.224
4 1.200 420 1,203
V2 1.188 1 1,174 422 1176 1 1.197 043 1.193
1 1.184 307 1.166 1/2 1.167 248 1.164
1 LS 3% 1147
1 L114 415 1115
41 1,086 6 1,099 424 1,098 & 1.09 43 1,009
1

1.072 431 1.070
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. Table XIII (continued)

Caudalosa mine Caines (1957) Berry and
Specimen C-122 Thompson (1962)
I -d—(obs) L -d-(oba) hicl 2(<:¢alv::) X i’-(c:bs) hkl 2(cal.c:)
1.055 510 1.085 2.2.10
H 1.022 { 1.037 512 1.035 3 1.0 666 1.027

0.9360 521 0.9948
0.9628 523 0.9638

S N e e

0,9491 440 0.9516 1 0.943 o088 0.943
2 0.939
5 0.9105 516 0.9097 3 0.902 2.6.10 0.902

600
2 0.399 1 0.897% {0.0.12 0.8967

1/24 0.894* 2 0.8815 611 0.8813
2 0.8736 53 0.8730
1 0.8588 613 0.8584
5

0.8510 620 0.8306

2 0.842 1 0.8405

{MG
622 0.8402 2 0.845 0.4.12 0.844

1/2 0.836* 0.8304 518 0.8300

0.8208 536 0.8208

1
4
1/2 0.812 1 0.8120 624 0.8112 1 0.813 6.6.10 0.8314
2 0.8018 606 0.8020
1 0.7929 31.12 0.7933
2 0.783 633 0.7825
4 0.7763 443 0.7767
® -« Possibly due to impurities

.n -« Hazy or diffuse line
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. Ferrous sulfates

Comparison of the d-spacings of the powder photograph of melanterite
from the Caudalosa mine with the ASTM card shows good general agreement.
It is obvious, however, that tha photograph of the Caudslosa materisl
gave superior resolution, as five doublets appear where heretofore
single lines were reported.

An X-ray powder diffraction photograph taken of a dessication product
of melanterite was similar to the ASTM card for pozenite, FeSO,.4H,0,

except that the ASTM material showed better resolution and more lines.

Table XIV: X-ray powder diffraction pattern of ferrous sulfates

Melanterita Pozenite

\ Caudalosa mine ASTM Card Csudalosa mine ASTM Card
Specimen C-90 No. 3.0796 Specimen C-90 No. 13-103
. L g(obs) i(obs) 1 Q(o!:a) I é{obt)

1/2 6.75 6.8 4 6.84 50 6.89

6.0 8 5.45 90 5.43

2D 5.485 5.3 1/2 5.17 10 5.18

10 4.89 4.9  § 4.75 30 4.76

1 4.54 4.35 10 4.47 100 4.50
1D  4.02 4.02 7 3.99 80 3.979
7 3.78 3.78 10 3.840
1/2 3.38 1 3.62 20 3.682
3 3.23 3.23 4 3.403 80 3.410
b w (30 T 3%

1 3.103 3.09
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. Table XIV (continued)

Melanterite Pozenite
—
Caudalosa mine ASTM Card Caudalosa mine ASTM Card
Specimen C-90 No. 3.0796 Specimen C-90 No, 13-103
L pme——
I g‘(obs) é(oba) I 2(c:bs) I (o)
1 3.007 5  2.969 70 399
1 2.930 2.92 go  2.913
599
mp 27965 1.75 10 12
2.727
1 2.7675 20 1.7
2.6595
B 56218 2.63 1 2.7310 4 1.71%
2 2.48% 2.50 3 2.3749 70 1379
1 2.4296 2.42 1/2  2.4780 10 2478
1 2.3888 2 2.4265 70 2.4%
. 2 2.3150 2.31 M 2.3704 70 2.%1
1/2 2.1835 2.17 70 2.%7
2.11 10 2.3
2 2.2669 60 1.373
1 2.0837 2.07 10 2.24
1/2  2.0557 .
10 2.323
2 2.01%9 2.01
1/2  2.1886 10 2.188
2 1.9704 1.96
20 2.148
1 1.8863
2 1.8647 1.87 /2 2.1154 10 2.116
1/2 2.0445 10 2.088
2 1.9713 so 1.973
20 1.932

2 1.9010 30 1,90
. 1 1.873% 20 1.8
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. Table XIV (continued)

Melanterite Pozenite
Caudalosa mine AST™ Caxd Caudaloss mine ASTM Card
Specimen C-90 No. 3.0796 Specimen €-50  No. 13-103
1 -q-(obl) é(cba) 1 £"‘-(trabat) 1 Q(obs)
20 1.863
10 1,823
i 2 1,799 S0 1.798
1 1.7590 30 1.759
1 1.7267 k¢ 1.728
i 1.6776 20 1.679
1/2 1.6356 20 1.659
+ 9 additional + 16 addi-
. lines to 1.29 tional linecs
to 1.015
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. Geocronite
The d-spacings in the X-ray powder diffraction photograph of geo=-
cronite from Caudaloss agrees with the data of Douglas snd others (1954).
The Caudalosa material, however, gave rather hazy photographs so that
the weaker lines noted by Douglas were not discernable, especially in
the front reflection region.
Spectrographic analysis of geocronite from Caudalosa shows notice-

able amounts of only arsenic and silver (see Table XXIX).

Table XV: X-ray powder diffraction pattern of geocronite

Caudalosa mine Douglaas and others
Specimen C-170 (1954)
I -d-(obs) 1 -‘-’-(oba) hkl -d-(calc)
021  6.77
10 6.74 {121 6.75

20- 6.36 130 6.34

031 6.12
20-  6.12 {131 6.10
041  S.4

10-R 4,95 150  4.96
108 4.84 151  4.84

101 -  4.48

1/2 4.50 40 4.46 201  4.46

111 4.44

061 4.33

10- 4.3 {161 4.32

1/2 4,21 10+ 4.21 112 4.20

131 4.13

D lor  4.13 iisx 4.12



.bla XV {continued)

Caudalosa miaa

- 220 -

Douglag and sthoers

Specimen C-170 (1954)
1 d¢ons) X deobg) hkl  decare)
200 3.95
170 3.9
20-  3.93 a0 3.92
071 3.89
012 3.72
1 3.715 60 371 (230 3.7
2 3.63 212 3.70
/2 3.62 20 3.66 {g§§ 3.64
240  3.54
1 3.53 106 3.5 {032  3.53
232 3.52
@ s 3.375 30 3.3 {gﬁ 3:332
052 3.23
10 3.185 308 3.18 {ozig 0 g'ig
20 3.7
7 3.05 30  3.06 { g2§ g'ggg
s 2.95 70 2.98 270  2.985
7 2.885 90  2.89 {g;i g'ggz
280  2.806
3 2.7985 som 2,80 (32 2.7
191 2.779
032  2.727
3 2719 so 2.2 (M2 200
302 2.712



' Table XV (continued)

Caudalosa mine

- 221 -

Douglas and others

Soecimen C-170 (1954)
1 d¢obs) 1 Sgobs) Bkl decac)
152 2.638
vioaes  m oo I
310 2.628
10 2.59
10 2.53
208 2.49
10 2.44
1 2.392 30- 2.9
10+ 2.33
10 2.29
. 108 2.232 90 2.235
4  2.115% 50 2,122
1 2.083 30 2.086
1 2.049 40+ 2.052
M 2.029 40-  2.030
1 1.971S 30+ 1.973
4 1941 20 1.984
2 1.8845 40 1.889
172 1.843 30 1.850
H 1.8275 80 1.831
10 1.791
SH 1.7635 70 1.765
. 2 1.728 40 1.744
1/2 1.692 30 1.694



.’able XV (continued)

Caudalosa mine
Specimen C-170

- 222 -

Douglas and others
(1954)

T deobe) T by M1 dcare
1/2 1.676 20 1.677
20 1.651
10 1.618
1 1.593 30 1.597
ion 1.565
/™ 1.486 30 1.4389
U 1.464 40H 1.469
/2 1.445 &0 1.443
1/2 1.4275 20 1.428
D 1/2m  1.405 40 1.409
plus plus
+ 9 lincs + 20 lines
H - Hazy or diffuse line
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. Miargyrite

Tha d-spacings in the X-ray powder photograph of miargyrits from
San Genaro are slightly lower than those given by Graham (1951) and
Becry snd Thompson (1963). Both suthore give 10 lines in the back re-
flection region which were not obscrved {n the f£4lms of the San Genaro
materigl. Moreover, the eight powder diffraction photographs taken of
different miargyrites from San Genaro have five lines not reported by
Grsham nor by Berry and Thompson. Their presence has not been explained
as they do not correspond to the strong lines of suspected impurities,
nor did spectrographic snalyses reveal trace-elements in quantities

sufficient to csuse these lincs (see Tabls XXX).

Table XVI: X-ray powder diffraction pattern of miarzyrite

. San Genaro mine Graham (1951) Berry and
Specimen C-144 Thompson (1962)

4 d¢ods) I Q(oba) hkl -‘-‘-(calc) I i(oba) bkl ﬁ(calc)

8 3.43 9 3.443 211 3,423 9 3.45 211 3.43
3 3165 2 3.178 044 3.171 2 3.19 004 3.18
3 3.085 2 3.091 402 3.091 2 3.10 402 3.10

10 2.880 10 2.877 213 2.881 10 2.88 213 2.89
9 2.7355 8 2.739 402 2.7%4 8 2.75 402 2.74

1 2.2015 1/2 2.205 020 2.195 /2 2.21 020 2.20

1 2.1835

/2 2.099
5 20055 & 2.005 215 2.004 4 201 215 2.01
5 1.965 4 1.963 611 1.963 & 1.965 611 1.967

® > 195 3 1909 406 1.90 3 1914 604 1.913
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l" Table XVI (continued)

San Genaro minae Grahaa (1951) Berry and
Specimen C-144 Thoopeon (1962)

I deobs) I deone) k1l dcale) 1 d(obe) Bkl d(calc)

7 1.872
IR 1.80SS 1 1.799 024 1.805 1 1.806 024 1.809
W 1.7895 2 1.792 422 1.790 2 1.797 422 1.794

1 17145 Y2 1,712 422 1.712 /72 1.719 422 1.716

613 1.684 613 1.687
6 ) 406 1.663 ) 406 1.666
molesss 1 les ({98 1483 1 1.6 [515 1.658

1/2 1.633 1/2 1.624 800 1.628 1/2  1.629 800 1.631

/2 1.613

® 2 1.588 2 1.586 003 1.585 2 1.590 008 1.588
2 1.548 2 1.544 804 1.545 2 1.549 804 1.543
1/ 1.488 1/2  1.488 - - 1/2  1.492 - -

/2  1.440 1/2 1.445 426 1.8480 1/2 1.449 5426 1.443
/2 1419  1/2 1,415 231 1.414 1/2 1.419 231 1.417

1 LI 1 1.368 804 1.368 1 1372 804 1.371
/2 1.3235 V21 1.327 /2 1.331
1 1.3095 1/2 1.311 /2 1.315
1H 1.286 1.280 1/2 1.288
2 1.279
1 1.265 1/2  1.263 /2 1.266
2 1.248 2 1.246 2 1.2
1/28 1.2295  1/2 1.209 /2 1.233
1.223 1/2  1.224 1/2 1.228

/2 1.163 1/72  1.162 1/2  1.166
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D ravie xvi (contiaued)

San Genaro mine
Specimen C-144

Graham (1951)

Berry and
Thompson (1962)

I d¢oba) I d(obs) hkl d(calc) I d(obs) hkl d(cale)
1 1144 12 1144 V2 1.147
1 1.1305 1/2 1.126 /2 1129
1/2 1.106 1/2 1.106 /2 1.109
1/2 1.0985 1/2 1.100 /2 1.103
1/2 1.0865 1/2 1.085 /2 1.038
V2 1.0775 Y2 1.07%6 /2 1.08
/2 1.0655 1/2 1.062 1/2  1.065
1/2  0.987 /2 0.990
1/2  0.975 1/2 0.978
D 1 0.955 1/2  0.958
/2 0.92% /2 ©0.927
1/2  0.902 /2  0.905
1/2  0.896 1/2  0.898
/2 0.373 1/2 0.881
/2 0.867 1/2 0.870
1/2 0.843 1/2 0,343 1/2  0.845
/2 0.323 /2  0.825
/2 0.795 /2 0.796

H -« Hazy or diffuse line

B « Broad band, single measure taken in middle

. ? « Possible faint line



. Peazceite
Measuremants of tha X-ray powder diffraction pattera agrce fairly
well with the data of Peacock and Berry (1947) and Berry and Thompson
(1962), although they ars somevhat lower. The San Genaro material gave
three weak linea and one diffuse band which are not reported by others.
The g_-spacing-s of these lines approximate lines found in polybasite, the
antimonian analog of pearceits. Perhaps the shift of spacings and the

extraneous lincs are caused by the preasence of antimony.

Table XVII: X-ray powder diffraction pattern of pearceite

San Genaro mine Berry and
Specimen C-144 Thompson (1962)
1 gfobs) 1 i3-(0!:3) hkil -d-(calc)
4 11.86
® 1 6.395 6.51 1010 6.40
1/2 5.99 6.07 0002 5.97
2 3.715 3.72 1120 3.69
1/2 3.57 3.56 1121  3.53
1 3.435
/2 3.325
7 5.1 5 3.1 {;gf it
10 2.99 10 3.00 0004 2.99
9 2.822 9 2.84 2022 2.82
1/2 2.707
4 2.4975 A 2.50 2023 2.49
2.373 3 2.37 2131 2.37

® 3 2.327 s  2.33 1122 2.3



’ Tabla XVII (centinued)
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San Genaro mine Berry and
Specimen C-144 Thompson (1962)
I g-(obs) I Q(Oba) hk1l i(calc)
2132 2.24
1/2 2.2295 1/2 2.24 1015 2.25
3 2.1835 3 2.19 2026 2.18
1/2 2.137 172 2.15 3030 2.13
2 2.099 2 2.10 3031  2.10
10 2.067 2 2.07 2133 2.07
3032 2.008
3 2.010 4 2.01 {nis 2.006
2025 1.914
3 1.914 1 1.916 { lols  1.501
3033 1.880
. 1/2 1.838 1/2  1.834 {2154 1879
3 1.8485 5 1.852 2250 1.846
1/21 1.824 1/2 1.826 2241 1.825
1.7875
WB ) 7605
3142  1.700
1 1.692 3 1.698 {2135 1.699
2026 1.690
1/2 1.666 1/2  1.678 2243 1.675
1/2 1.6315
1/2 1.569 1/2 1.570 2244 1.570
1127 1.%48
1H 1.506 1 1.510 2027 1.505
H 1.487 1 1.492 0008 1.493



. Table XVII (continued)

San Genarc mine
Specimen Ce144

- 225

Berry and
Thompeon (1962)

1 2(obs) 1 dobe) hkil  dcale)
1/2 1.461 1 1.463
1/2 1.409 1 1.410
1/2 1.355 1 1.358
1/2 1.2495 ) 3 1.252

H « Hazy or diffuse line

B « Broed band, single measurement takcen in middle




. Polybasite

The d-spacings in the X-ray powder diffraction photographs of poly-
basite from San Genaro are slightly lower than thosae for the pure material
given by Peacock and Berry (1947) and Berry and Thompson (1962). Seven
extraneous lince appeared in the six different diffraction patterns
photographed, which are not reported by previous authors. Five of these
lines can be matched reasonably well with lines in the pearceita pattern.
Tha first three linea have d-spacings above 3.9 and may not have been
detected by smaller dismeter cameras.

Spectrographic analysis of the San Genaro polybasite shows apprecisble

parcentages of copper and srsenic.

Table XVIII: X-ray powder diffraction pattern of polybasite

. :«m Genaro mira Peacock and Berry Berry and
pecimen C-144 (1947) Thompgon (1962)
I dobe) I d(obs) ™Al decate) T dgobey BRI decar)
I 11.86
T 6.42
/2 3.97
/2 3.6 1 e | g;?:g 3o 1 3.2 {% 3-8

/2 3.42 172  3.47 142 3.466 1/2 3.48 3142 3.47
/2 3.23 1/2  3.27 4040 3.265 1/2 3.28 4040 3.27
7 314 9 3.18 2244  2.186 9 3.19 2244  3.19

3250 2.996 3250 3.00
10 2.93 10 2.99 {oom 2350 10 200 {oooa 2.99
1/2 2.9
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. Table XVIIXI (continued)

San Genaro mine Peacock and Berry Berry and
Specimen C-144 (1947) Thoopson (1962)
I d(obs) I degpey Bl 2o 1) T dove) PRl decaic)
4044  2.364 4obs  2.87
5 28613 3 2.97 {4150 2.850 & 2.8 {auo 2.86
2 2776 12 2.76 1223 2.771 /2 2.77 11238 2.78
. 6 3146  2.677 2.70 [3146 2.68
2 2.8 3 289 { 3254 2.677 3 { 3254 2.63
4046 2,523 4046 2.53
& 2.521 6 252 (398 2313 4 a3 { e 2
6 2.414 & 2.42 4262 2.417 & 2.42 4262 2.82
1 2.392
1 2.3 2 2.33 2263 2.337
. 1 2.312
7 2.253
&  2.1965 2 2.20 4043  2.201 2 2.21 4048  2.205
' 2.1.3.10 2.147 2.1.3.10 2.151
M 2.142 Y2 2,14 { 4370 2.147 2 2.15 { 4370  2.151
6062 2.141 6062 12.145
2.1175 4372 2.113 4372 2.117
1B 2 2.10 { 3253  2.113 2 2.1 { 3258  2.117
2.094 4266 2.097 6266 2.101
5272  2.060 5272  2.064
n 2.049 1 2.06 | 4158 2.059 1 .07 {6138 2.063
5166 2.020 5166 2.02
1 2.025 3 z.oz{ 4374 2.020 3 z.oz{ 4374  2.026
2.2.4.10 2.015 22.4.10 2.019
$274 1.973 $2724  1.977
V2  wesr vz von {352 19l w2 e {0 1o
4.0.4,10 1.925 404,10 1.929
1/2 1.9105 1 1.923{ 3363 1.921 1 1.933§ 3363 1.925
9 1.1.2.12 1.921 1.1.2.12 1.925



Table XVIII (contirnued)

S8an Genaro nine

Peacock and Berry

Berry and

Specimen C-144 €1947) Thompson (1962)
T deone) T o) MLl iy T dinsy BRI decaig
4376 1.839 4376  1.393
3 1.888 6 1.886 6174 1.889 6 1.892 6174 1.893
4430  1.865 4430  1.889
1/2  1.861 1/2 1.8564 S276 1.851 1/2 1.859 5276 1.855
/2 1.845
6232 1.791 6282 1.795
/2 1.7895 1 1.785 5384 1.780 1 1.791 538 1.784
6176 1.780 6176 1.784
4378 1.742 4378  1.745
/20 1.742 1 1.738 31.4.12 1.742 1 1.743 3lA12 1.745
6284 1.733 6234 1.736
4486 1,703 4486  1.706
1 1701 3 1.702 0.0.004 1.703 3 1.707 Q0.0.% 1.706
4.05.12 1.697 4.04.12 1,700
3.2.5.2 1.656 3.2.512 1.659
/2 1.658 2 1.656 6178 1.656 2 1.658 6178 1.659
5492 1.656 5452 1.659
1/2  1.623 1 1.616 8082 1.617 1 1.621 8032 1.620
4.3.7.10 1.595 4.37.10 1.;32
4488 1.593 4438 1.
7186  1.586 7186  1.589
2.2.4.14 1.552 2.2A.14 1.555
/2 1.549 1 1.549 6288 1.548 1 1.5564 6288 1.551
4.2.612 1.348 4.2.612 1.551
5.1.6.12 1.516 5.16.12 1.519
8192 1.516 8192 1.519
1H 1.5125 4 1.512 = & 1.517 go3s 1.513
8086 1.510 1 p
4.04.14 1.510 4.0.4.24 1.513
1/2  1.4805 1 1.484 0.0.016 1.490 1 1.488 0.0.015 1.493
1/2  1.659 1/2 1.463
2 1.431 2 1.43
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Tabla XVIIXI {continued)

San Genaro mine Pzacock aend Berry Berry and
Specimen C-144 (1947) Thompson (1962)
I '('l‘(obs) L é(obs) hiil g(calc) I 2(obs) bkil ‘é(cnlc)
1 1.359 1 1,383
1 1.53 T 13482
1/2  1.224 /2 1.228
1 1208 1 1.212
/2 1.1 1/2  1.182
/2 1.169 /2 1.173
/2 1.153 1/2 1.157
1 1.127 1 1.13
1 1.091 1 1.094
1 1.083 1 1.072

H - Hazy or diffuse band

? « Possibla faint line
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. Tar ite

X-vray diffraction data of pyrargyrite from San Gonaro show the
d-spacings to be slightly, yet conaistently, lower than tha values given
by Berry and Thompson (1962), probably because of the presence of arsenic.
Tha Xe.ray diffraction patterns of the Castrovirreyna material are more
completa than those of Berry and Thompson, not only resolving meny
doublets, but alao revesling many more lines, especially in the back re-
flection region. Spectrographic analysis indicates that the Castrovirrcyna

pyxargyrite is quite pure except for 1 to 2 percent arsenic (see Table XXXIX).

Tabla XIX: X~-ray powdcr diffraction pattern of pyrargyrits

San Cenaro mina Berry and
Specimen C-143 Thompeon (1962)
1 -‘i(obe) 1 -‘i(obs) hkil -é(calc)
® 1 4.4 1 4.00 o012 3.97
1 3.945
6 3.33 5 3.35 2131 3.3%
6 3.21 8 3.n 3030 3.19
6  3.17
10 12.77 10 2.7 1232 2.7
/m  2.751
7 2.564 s  2.58 1123  2.58
7 2.5355 s 2.5 1341 2.54
2 2.2615 1 2.2 32 2.27
2 21225 1 o2 (NP2
I 2.0875 va 209 | ﬁ:;’-—g 2.0

1/2 1.997



)

Tabla XIX (continued)

San Genaro mine
Specimen C-143

Berry and

Thompson (1962)

I d(obs) I d(obs) hkil  d(calc)
/2 1.955 2 1.965 2352  1.963
3 1.861 2 1.870 213  1.871
1 1.8345 1/2  1.845 3360  1.844
v 1es 1 1.755 5052  1.75%
M 1.6805 1 1es9 g 128
/2 1.6635 /2  1.675 4262  1.672
4046  1.614
1/2  1.608 1562  1.601
/2 1.600 6060  1.597
2 1.59% 0660  1.597
/2 1.568
T 1.549
H  1.520 va sy N0 1%
1 1.5125
7 1.450
2 1.452
1 1.4005
I 1.390
1 1.3605

/2 31,3508

1/2 1.267
1 1.2105

1/2 1.122



Tabla XXX (continued)

San Genaro nine
Specimen C-143

- 235 -

Barry aad

Thoupson (1962)

T dcbs) I deobs) kil decgie)
1 1.179
1/2 1.157
H 1.1Z5
1/2 1.0656
7 1.050
1/2 1.0425
? 0.897
? 0.32G
7 0.315

R « Hazy or diffuse line

? « Possible faint line
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Semseyite

X-ray diffraction data for semseyite from Caudalosa agree closely
with the measured values given by Berry and Thompson (1962) and even
better with data of Nuffield and Peacock (1945). The author's data
coincide better with calculated values given by others, when careful
measurement is made of the limits of the hazy banda that comprise most
of the diffraction pattern. Spectrographic analysis indicates that the
notable impurities are arsenic and silver, which appareantly have not

affected the cell dimensions (see Table XXXIII).

Table XX: X-ray powder diffraction pattern of semseyite

Caudalosa mine Nuffield and Peacock Berry and
Specimen C-70 (1945) Thompson (1962)
1

i(obs) I i(oba) hk1 Q(calc) 1 Sl-(obs) hkl -é(calc)

1/2 6.565 1/2  6.59 220 6.55 1/2 6.61 200 6.56

/2  5.43 1/2 S.46 113  5.40 5.7 113 5.41
V2  4.50 1/2  4.56 {-ﬁg 2'?2 V2 b8 | -ﬁ;‘ z'gg
221 421 221 4.22

2 421  1/2 4.20 (3223 4.20 1/2 4.21 { 223 4.21
026  4.20 024 4.21

3.87 314  3.86 314 3.87

THB gy 5 38 | 130 3.82 3 3.8 {130 3.83
m 32 w2 sas ()O3 a2 e (B33
M 3.56 2 350 {38 338 2 35 {30 3%
116 3.3 116 3.38

4  3.355 8 3.3 {117 33 8 3.3 | 117 337
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. Tabla XX (continued)

Caudalosa mine luffield and Peacock Berry and
Specimen C-70 (1945) Thompson (1962)

I -‘-i.(obs) hkl 4¢calc)

Je
£

1 i(oba) I i(obs) hkl

3.29

-

L4

108 10 3.26 10 3.27

*

L d

RRY

3.24

1H 3.02 040 041
33l 17
2.965 118 118
9 2.97 041 9 2,98
5B 225 225 2.97
117 . -
227 2.96 227 2.96
2.935 008 2.95 008 2.95

NRRNNG Luuww
233388 URABY

NN ?uu

© o
S oo

2.8753
4B 4 2.36

420 2.87 420 2.83
526 2.86 L2 2.87
331 2.36 4 2.37 § 33y 2.37
. 2.843 135 2.86 135 2.96
2.7715 425 2.77 421 2.78
1 2.77 421 2.77 1 2.78 425 2.77
3B 18 2.7
226 2.70 266 2.71
2.6905 4 2.70 228  2.69 4 2.71 {228 2.70
263 2.49 43 2.49
516 2.47
M 2.446 1 2.48 227 1.47 1 249 a0 g4y
229  2.46 516  2.47
426 2,37
204 2,37
1/2  2.37 %5 2.37 /2 2.38
423 2.36
0.0.10 2.36
2.2.10 2.2
602 2.26
604 2.2
S13  2.26
3 2,26 3 2.25 5 2.25 3 2.25
139 2.25
. 513 2.25
442 2,25
247 2.25
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Table XX {continued)

Caudalosa mine Nufficld and Peacock Berry and
Specimen C-70 (1345) Thompson (1962)

I Q(obs) 1 'Q(Obﬂ) hkl é(calc) I g(cbs) hkl Q(calc)

3 2.2215
41 2.16
45  2.16
4 2.1515 3 2.15 155  2.15 3 2.16
514  2.15
318 2.15
351 2.12
623  2.12
2 2m (%23 212 /2 2.1
043  2.10
532 2.07
636 2.05
1 2.0515 12050, °10 2095 1 2.06
2.0.12 2.04
060 2.00
1/2H  2.0015 1/2 2.00 J1.1.11 2.00 /2 2.01
1.1.12  2.00
156  1.980
157 1.979
vz 1963 wy2 1975 {27 1007 w2 1981
062 1.970
714 1.917
261  1.917
3B 1.918 2 1.916) 335 1lo1s 2 1.922
5.1.11  1.914
357 1.899
1/2  1.888 1/2 1.897 {248 1ge7 12 1.903
262 1.863
1H  1.8555 1 1.ssaf— 264  1.862 1 1.863
0.4.10 1.854
711 1.805
2.2.11 1.804
321 1.804
322  1.803
1H 1.8005 1 1.802{ 339 1.801 1 1.807
_ 158 1.799

2.2.13 1.799
159 1.793
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H - Hazy or diffuse lina

B - Broad band, single measuremont taken in middla

double measurcment taken on edges,

Caoudaloss mina Nuffield and Peacock Berry and
Specimen C«70 (1945) Thompaon (1962)
1 i(obs) 1 Q(obs) hil -d-(calc) I 9-(0!:5) hicl -‘-‘-(ca!c)
1 17715 12 1.763 {gzg LI uz 17
267 1.722
vz 1.725 1 1.720{3‘1.1,‘ i 1 1.725
737  1.691
2.4.10 1.691
_ 642  1.691
3.3.13  1.691
vV 1.6065 1 1.687) n :’ggg 1 1.692
2.6.12  1.638
648 1.687
2.2,12  1.638
\0.0.14 1.685
. /2  1.4775 1 1.478 1 1.482
172 1.3%4 1/2 1.337 172 1.3%1
/2  1.279 1/2 1.280 1/2 1.284
/2  1.263 1/2  1.260 1/2  1.264
/2 1.23% /2  1.237
/2 121 /2 1.211 1/2  1.21%
/2  1.655 1/2 1.179 1/2 1.182
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Zinkenita

Mcasurcments of X-ray powder diffraction photographs of zinkenite
from Czudalosa agree in general with the obscervations of Nuffield (1946)
and Berry and Thompsoa (1962), coinciding battar with their calculated
values than with the observed ones. Diffraction patterns of the Caudalosa
material showed 13 lines not previously reported.

Copper and silver are the principal impurities found by spectrographic
analysis (see Table XXXVII).

Table XXI1I: X-ray powdar diffraction pattern of zinkenitas

Caudnlosa mine Nuffield (1946) Berry and

Specimen C-33 Thompson (1962)

I Q(obs) I -d-(obs) hiil -‘-l-(calc) 1 i(obs) hkil S!-(calc)
/21 10.99

7 10.4

M 7,195

2 5.505 1/2 5.49 4480  5.51 12 5.50 430  5.52
172 5.275

/2 477 Y2 A9 0830 4.77 12 A.80 0830 4.78
1 4.3 4.41 A.6.10.0 4.37 1/2 4.42  4.6.10.0 4.3
2 412

4 3.9 1 3.9 0442 3.92 1 3.9 0442 3.93
2 3.705

3 3.555 1 3.55 0662  3.56 3.56 0662  3.57
7 3.45 10 3.44 2.10.12.0 3.43 3.45  2.10.12.0 3.43
10 341 1 3% 4432 3.39 3.% 4432 3.40
6 13.33

. 3.19



Table XXI (continucd)

Caudaloss mine Muffiala (1946) Berry and
Specimen C-33 Thoopaon (1962)
X Q(obs) 1 Q(obs) hkil g—(calc) I S-l-(obs) hkil g(calc)
2 3.13
4. 6.10.2  3.07 4, 6.10.2 3.07
4 1 3.07 {4.10.16.0 3.06 2+ 308 {A.IO.IA.O 3.06
4  2.98 2 3.01 2.8.10.2 2.9 2 3.02 2.8.10.2 3.00
1/2  2.905 /2 2.90 2.12.14.0 2.91% 1/2 2.91 2.12.1A.0 2.91
7 2.792 4 2.80 6.6.12.2 2.9 4 2.81 6.6.12.2 2.8
5  2.7595
1 2.8325 /2 2.9 2.10.i3.2 2.8 2 2.720 2.10.12.2 2.68
0.12.i2.2  2.56 0.12.12.2  2.56
1/a  2.5425 1/2 2.54 (6. 8.14.2 2.53 1/2 2.56 (6.8.146.2 2.54
2.14.16.0 2.53 2.14.76.0 2.53
2.12.14.2 2.41 2.12.15.2 2.41
2 24075 1 2.4 (s.xz.iﬁ.o 2.40 1} 2.42 {6.12.55.0 2.61
0.16.74.2 2.30 0.14,14.2 2.31
2 2301 12 2.3 55.10.13.2 2.30 Y2 2.30 {6.10.16.2 2.31
4.12.16.2  2.25 {a.1z.i§.z 2.26
3 23 1 2.3 {2.16.18.0 223 ' 2B (216080 2.24
0004 2.15 0004 2.15
s 29 1 2as{. 00, s 1 2.6 {6.10.90.0 2.1
8.10.18.2  2.12 8.10.i3.2 2.13
5 2125 2 2.1 {o.la.ié.o 212 ¢ 13 [0.13.13.0 2.12
1 2.033 4.16.20.0 2,08 4.16.20.0 2.09
s 2051 2 29 {43.'f52 205 2 3.0 {6.14.18.2 2.05
2.16.18.2  1.952 2.16.18.2 1.936
5 1915 3 1‘98028.14.22.0 1978 3 1985 (g 14a.33.0 1.932
4.16.20.2  1.874 4$,16.20,2 1.878
4 1.8735 1 1‘875{0.1o.i6.4 1.873 1 1.8 0.10.10.4 1.877
6 1.8205 3 1.823 2.10.i2.4 1.823 3 1.828 2.10.12.4 1.827
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Table XXI (continued)

Caudalosa mine Nuffleld (1946) © Berry and

Specimen C=-33 Thompson (1962)

1 i(oba) I é(obs) hicil -‘-’-(calc) I 3(obs) hkil Q-(cnlc)

w1 s (G2 1w e (SR 10

2 1.716 1 1.711 4.20.32.0 1.713 1 1716 4.20.24.0 1.715
12.12.34.2 1.688 12.12.24.2  1.691

1/2 1.687%0.14.@.6 1.638 1/2 1.692%0.14.{9.4 1.691

6.10.16.4 1.688 6.10.16.4 1.691

moonesss 1 vess(MEE0 MR wes (TRBD 1Y
4.14.18.4 1.580 4.156.18.4 1.583

172 1.573 1/2 x.m{a.zz.i_js.o 1.575 1/2 1.583 {4.22.:_@.0 1.578
12.14.26.2  1.575 12.14.26.2 1.573

/M 1.521 /2 1.519 1/2  1.523

1 1.499

172 1.4765 1 1.463

3 1.457 1 1.459

1 1.440 1/2  1.445 1 1.449

10 1.4115 1/2 1.408 1/2 1.412

1,390 1 1,399 1 1.393

/2 1.3 1/2  1.366 1/2 1.370

WM 1.340 1 1.3%0 1 1.3%44

1 1313 12 1313 172 1.316

I 1.2935 1/2 1.292 /2 1.296

1/2  1.1825

/2 1.292

/2 1142 1/2 1.143 /2 1.147



.Table XX (continued)

Caudalosa mine Nuffield (1946) Berry and
Specimen C-33 Thompson (1962)
I d¢obsg) 1 g(obs) hiil -‘-i-(aalc) 1 -‘l(ohs) hiil -‘-’-(ca ic)
ZH  1.123 172 1.123 /2 1.126
1/2 1.0675 1/2 1,066 1/2 1.06%
1 1.0225 1/2 1.028 /2 1.031

H - Hazy or diffuse line

7 « Possidbla fasint lins
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Table XXII: Spaectropraphic analvsis of aramayoite

Major constituents (> 10%) Ag, Sb
Minor constituents {0.1-10%) si
Traces ( <0.1%) Fe, Cu

locality: A level, San Julifn vain, San Genaro mine

Specimen: C-228

Table XXIIXI: Spectrocraphic analyscs of bournounite

1. 2.
Over 10% 4] Pb
3 to 30% Cu, Sb Cu, Sb
1 to 10% Ag, As
0.3 to 32 Ag, As Siw
0.1 to 1% Zn Te
0.03 to 0.3% In
0.0 to 0.1% Si*, Pe, B¢ Mn, C4, BY
Traces Mg*, Mn Alw, Mg®, Ia (7)

® o Pogaibly due to ispurities

1. Caudalosa vein, Pompeyo level, Caudaloza mine
(specimen C-283)

*3. Caudalosa vein, 570 level, Caudalosa mina
(specimen C-173)
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Table XXIV: Spectrographic analysis of chalcoatibite

Major constituents ¢ > 10%) Cu, Sb
Minor coastituents (0.1-102) Fe
Traces ( <0.1%) Ag, S8, Mg

Locality: 610 leval, Caudalosa vaia, Caudalosa mine

Specimen: C-30

Table XXV: Analyses of enarpite

1. 2.
32.42 Over 102 Cu
48.53 3 to 302 As
19.08 1 to 102 sb
100.03 0.3 to 3% Ag
0.1 to 1% Hg
0.03 to 0.3% Sa, Siv
0.01 to 0.1% Mn, Fe
Traces Bi, In, Al®*, Mg#, Cat

% -« Poeiidbly duas to Lupurities

1.

2,

Chenical analynig of enargite from Caudalosa wmine,

Staevanovié (1303).

Spactrographic enalysis of enargite from 610 level, Caudaloss
vein, Caudalosa minz (specimen C~122),
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Tabla ¥XVI: Analvaea of famatinite.

1. 2.
S 31.01 Over 10Z Cu
Sh 12.74 3 to 30% Sd
As 9.09 1 to 102 Aa
Cu 45.43 0.3 to 3% Ag, Hg
Pe 0.67 g.1 to 1% S5n
Resid. _0.65 0.03 to 0.3% T1, Si»
99.59 0.01 o 0.1% Pe
Tracea Bi, In, Mo, Mu
Al%, Ca®, Mg*

® « Poasibly due to impurities

1. Average of two chemical snalyses of famatinite from Caudalosa
mine, Stevanovié (1903).

2. Spectrographic analysis of famatinite from 610 level of Caudalosa
vain, Caudalosa mine (specimen C-122),

Table XIXVII: Spectrographic analysis of ferrous sulfate zenite
Hajor constituents: e
Minor constftuents: Cu, Ag
Tracas H Mg, Si
Locality : 640 level, San Pedro vein, Caudalosa mine.
Specimen : C-90A

Occurrence: Deesication product of melantaerite.
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Tabla XXVIIX: Spectrographic analysis of calena
1 2 S5 WA 178 17 183 21 22 23 27 2B

Boron - - tr - - T - - - - tr -
S{licon .01 .06 .06 .06 .01 .16 .06 .03 .12 .12 .12 .12
Alunioum tr ¢r 004 tr ¢tr etr .0G2 .002 tr .006 .006 .002
Magnegium tr ¢tr - tr tr tr - tx tr =~ tr -
Calcium .04 .04 .04 .04 .02 .02 .04 .06 .06 .04 .C4 .04
Iron .015 .015 .013 .010 .067 .015 .010 .01S .015 .030 .040 .010

Manganess tr ¢tr 0L ¢tr ¢tr ¢tr ¢r ¢tr ¢tr ¢tr ¢tr ¢or

Zinc &r tr ¢tr ¢tr ¢r ¢tr ¢tr ¢tr .20 .40 .07 «¢r
Cadnium - - - - - - - - - L - -

Lead 30 30 330 30 30 30 3¢ 3¢ N W 30 30
Copper tr ¢t .01 ¢r .01 .05 .08 .0f tr .10 .01 =¢r

Silver 0 .10 .0f .10 .10 .00 .01 .01 .10 .0f .01 .01
Biscwth tr ¢ tr ¢tr ¢tr ¢tr ¢r ¢tr ¢tr ¢tr ¢tr tr?
Aatimony .02 .24 .02 .02 .24 ,L10 .40 .08 .40 .24 .24 .01
Arsenic - - - - - - - £ - Lt & o

Indfum - - tr? ex? - - - - tx? - - tx?

Rlements looked for but not found: alkalies, Ba, Sr, Bas, T, ¥V, Cr, Co, N{,
Au, Hg, Sn, Te, Zr, Hf, §b, Ta, Mo, W, Re, Pt, 8, Y, Th, U, P, Ga, Ge, Tl.

Yocalities

1. Caldera vein, Caldera level, Lira mine, specimen C-145

2. Llira vein, Caldera level, Lira wmine, specimm C-220

5. Mata Cabsllo vein, 480 level, Sta. Terasita mine, epecimen C-187

14. Caudalosa vein, 570 level, Caudalosa mina, specimen C-217

17a. San Pedro vein, 610 level, Caudalosa mine, specimen C-90 cosrse grained
17b. San Pedro vein, 610 lecvel, Caudalcsa mine, specimen C-90 f£ine-grained
18. Sen Pedro vain, 610 level, Caudalosa mine, specimen C-241

21. Ko. 1 vein, 580 level, Madona mina, specimen C-180

22. San Julisn North vein, A level, San Cenaro mine, specimon C-233

23. S8an Julidn vein, A lcvel, San CGenaro mino, specimen C-25

27. Queospisisa vein, 35 level, San Genaro nine, epecimen C-24

3. Bolla-Aranzazu vein, Duyp, Rapida mine, epecimen C-226
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Tabla XXIX: Spectrogzraphic analysas of ceocronite

Over 10Z
3 to 303
1 to 102
.3 to 3%
0.1 to 12

0.03 to O.

0.01 to O,

Traces

3%
1%

Hassive Sooty
Pb Pb
Sb sb
As As
Si%, Ag Si*, Ag
Cu, Fe
2n, Ya #n, T1
Al%, Mg», Bi, Al¥, Mg, Cd,
Cu, Sn, T1 Sn, B

® - Pogsibly due to impurities

Locality:

Spacimen:

570 1level, Caudalose vein, Caudalosa mine

Cc-101

Table XXX: Spectrographic analysis of miargyritae

Over 10%
3 o %
1 to 10%
0.3 to 3%
0.1 to 1%
0.03 to 0.32
0.01 to 0.1%

Traces

Ag, Sb

Hg, Pb, As
Zn

84*, Cu
Al*, Mg#*, Ye

®* - Posaibly duc to impuritics

Locality:

Specimen:

San Cenaro level, San Juliéia vein, San GCenaro mine

C-144



Table XXXI: Analyses of polybasite

1. 2.
Ag 67.95 Over 10% Ag
Cu 6.07 3 to 30% Sb
sb 5.15 1 to 10%
As 3.38 0.3 to 32 Cu, e, As
s 16.37 0.1 to 12 Pb
Resid. _0.76 0.03 to 0.32 Zn, Si¥
100.13 0.01 ¢to 0.12
Traces Bi, Mg¥

®* - Possibly due to impurities

1. Analysis of polybasite from ''Quispesisa vein" (San Genaro),
Castrovirreyna, BBdlander (1895).

2. Spectrographic anslysis of polybasite from San Julidn vein,

San Genaro mina (specimen C-144),
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Table XXXII: Spectrographic analyses of pyrargyrite from the San

Cenaro mima

1. 2. 3.
Over 10%
3 to 302 Ag, Sb Ag, Sb Ag, Sb
1 to 10% As
0.3 to 3%
0.1 to 12
0.03 to 0.3% Cu Cu Cu, Si, Mgt
0.01 to 0.12 Si¥, Al¥ Si¥, ¥e, Pb
Traces Mg#, Ma, Al%, Mg¥, 6 Bf

Fe, Bi

#* - Poasibly due to impurities

1. Milagro vein, Rifio Jesds level, San Genaro mine (specimen C-143)
2. San Julidn vein, A level, San Gensro mine (apecimen C-144)

3. San Julién north vein, B level, San Genaro mine (specimen C-225)

Table XXXIII: Spectropraphic analysis of scmseyite

Over 10%Z Pb

3 to 30% Sb

1 to 10%

0.3 to 3% Ag, As

0.1 to 12

0.03 to 0.3%

0.01 to 0.1% Si%, Ye

Traces Al®, Na*,6 Mg*, Cu, Sa (7), Bi

* < Possibly duc to impurities
Locality: 610 lavel, Caudalosa vsin, Caudalosa mino

Spcciment C=70



Table XXXIV:

Spectrographic analyses of sphalerite
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. 1 4 5 6 8 9 10 11 14 17 . 18a 18b 19 21 22 23 26 27 28
Boron - - - - - tr - tr - - - - - - - - - - tr
S§ilicon .06 .03 .06 .12 .03 ,008 .2 .4 0L ,02 .03 .03 .06 .0p .7 .03 .12 .03 .70
Aluninum .03 - 002 tr tr - tr 004 tr - tr - tr - - 3 S - ,004
Magnaesium tr tr .03 tr tr .01 - tr tr tr tr tr tr - ty tr tr tr .03
Calciunm - 02 tr 04 tr tr - tr- 02 tr tr ,03 ,05 .02 tr tr tr tr tr .04
Bar fum - - - - - - .- - - - - - - - .08 - - - -
Iron .03 .88 .10 .015 .08 .01 .69 .006 .57 .86 .015 .15 .03 .76 .03 .23 .70 .A&ﬂ 15

" Manganese  .002 .014 .05 .011 tr .002 .008 .02 .004 .004 .007 tr .007 .002 tr .008 .018 .006 .05
Zinc >30 »30 >30 >30 >30 230 >30 >30 330 >30 >30 >30 >30 >30 >30 >30 >30 >30 >30
Cadmium .02 .02 .09 .02 .23 . .35 .20 .21 .024 .01 .02 .02 .14 .02 .,i7 .13 .04 .30
Lead - - tr - - .01 .03 .90 -~ -~ 03 cr - - .06 - - - .30
Copper .002 .002 .01 .005 .003 .01 .35 .20 .001 .05 .05 .005 .003 .002 .25 tr .002 .0Q01 .01
Gold - - - - - - .002 - - - - - - - - - - - -
Silver tr - tr >.01 ¢tr >.01‘;.01 >0l tr tr >.01 tr >0l tr >.01 tr tr tr tr
Bismuth .08 - - - - tr - tr - - - - - - - - - - -
Marcury - .08 - tr .24~ L6 .07 e L2464 .08 (16 .08 tx .16 tr .05 tr -
Tin - - - - - - - OOk - 04 - - - - - - - - ~
Antfmony - - - - - €r 015 .0h = 015 .15 € = o+ < o~ = o~ wr
Aragenic - - - - - - - .30 - - - - - - - - - - -
Gallium - - tr .03 - L02% .03 ,01 - .01 .02 ,005 .02 .OQS 005 - - - -
Germanfium - - - .002 ,02 ,004 .002 .002 - tr .002 - .003 - - - - - -
Indium .006 .02 - .01 - .01 .006 .025 - .37 .010 .025 .006 - - - tr - tr

Elemente looked for but not found: alkalies, Be, Sr,

Ba, T4, V, Cr, Co, Ni, Te, Zr, Hf, Nb, Ta, Mo, W, Re,

Pt, 8¢, Y,

Th, U, B, P, Tl.

-

a

—
[ ISR N E 28
. - .

11.
14,
17.
18s .
18b.
19,
21,
22,
23.
26.
27.
28.

Caldera vein,
Lira vein,
Mata Caballo vein,

Caudalogs vain,
1 (1}

San Pedro vein,
1 " "

Entrada vain,
San Julign Norte
Ban Julidn vein,
" " 1]
Quespisisa vein,
Balla-Aranzazu velin,

vein,

Cnldera level,
A1) "

480 level,

Ssn Folix level,

610 leval,

" 1"
11 11

570 lavel,

1t "
610 leval,

11} 1

11 "

" 1%

580 lavel,
A leval,

San Genaro lavel,
1" 3t t "

35 level,
Dump ,

Localitien

Lira mine,
" "
Sta. Teresita mine,

Caudalosa mine,
" 1}

Madona mine,

San Genaro mine,
it " "

" 1t t

] " 11}

Rapida mine,

spaciman
"

"

C~145

C-235

C-187

c-107

C¢-30

G~219

C~173

C~225

C~217

C¢-90

C-241, fine grained
C-241, coarsa-grained
C-240

C-180

c-283

c-25

c-28

C-24

Cc~226
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Table XXXV: Soectroeraphic analysis of stibmite

Over 102 sb

3 to 303

1 to 10%

0.3 to 3% Za, As

0.1 to 1% Pb

0.03 to 0.32

0.01 to 0.1% Sin, Al*, Mg®, Ve, Cu, Bl
Traces Mo

% - Posaibly due to impurities
Locality: 3570 level, Caudalosa vein, Caudalogsa mina

Specimen: C€-150
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Table XXXVI: Spectrographic apalyses of tetrahedrite s

' 13 s 7 12 13 15 16 17 18 20 21 22 23 24 25
Boron - - - - Lr - - - - - - - - - - -
Silicon .12 .032 .06 .2 024 .20 .06 .03 016 .04 12 .06 12 400 30 L3
Aluminum - tr ty tr - Ly .02 tr - tx kr tr .01 .04 tr -
Maguas lum % - Lr - - tr - tr .005 ty tr tr tr tr tr trm
Calcium tr .03 tr tr 005 tx - - - - ty - - - - tr
Iron .2 .7 .26 4 4.0 45 007 .54 1.8 N ~l22‘ 006 .4 N .Sﬁ“w«:;;w
Manganase 025 .40 .40 005 04 .2 007,006 .002 007 .4 025 .001 .OOZWV.Q 002
Zinc - .9 5 .5 .} 1.2 A0 .0 1.2 25 L.0 2.5 2.5 S 1.2 -
Cadmium .05 - 030 .05 3 03 .01 .02 .1 .05 .01 .1 .1 .05 .02 .1
Lead 20 .0L .08 1.95 - 12 3.0 - 05 .02 .04 45 2 2 .04 .75
g;pper 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Silver .1 0 ) 0 1.0 “—1.0 .01 1.0 A0 1.0 .1 1.0 1.0 .0 1.0 1.0
Bismuth - tr - .15 1.0 e/ tr 8 3.0 .5 .02 tr tr tr 5 .03
Maxcury tr - - .90 - 5 - - A5 1.0 ﬁ"izr' 5 N*T7 .6 .6 MNM‘;;””
Ant imony 10 10 10 10 6.5 10 10 10 10 5 10 10 10 ﬁiO ie
Arsenlc 6.0 .05 10 3.0 8.0 3.0 4.0 6.0 6.0 4.0 8.0 6.0 3'0*”' .0 6.0 3.0
Tin - - «' - - 002 - - - - ilO - - - -
Molybdenum tr - tr - - tr  .004 ,002 - - - - - - tx
Indium tr - 005 .02 .025 .02 - - .025 02 .005 tr - - - tr
Thallium - - - - - - - .16 - - - - - - - -
Elements looked for but not found: alkalies: Be, Sr, Ba, Ti, V, Cr, Co, Ni, Au, Te, Zr, Hf, Nb, Ta, W, Re,

Pt, B¢, ¥, Th, U, &, P, Ga, CGe.
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13.
15.
16.
17.
18.
20.
21.
22,
23.
24,
25.

Caldera vein,
Lira vein,
Mata Caballo vein,

Caudaloasa vein,
3] 1L

"

1"

te

"

San Yedro veln,

(1] 1"
1 1

n
¥

Bonanza veln,
Entrada vein,
San Julidn Norte vein, A level,

3an Julidn vein,

113 "
" 1]

"

1"t

Calderva level,

18 1]
480 lavel,
Pempeyo laval,
570 level,

Localities

Lira mine,
13 tt
Sta. Ternsita mine,

Caudaloss wina,
" 11

specimen C~145

530 level,
570 level,
640 lavel

610 level

" 1]

Dumnp
530 leval,

San Genaro lavel,

L tt

" "

"
1]

Bonanga mine,

Madona wmine,
San Ganare mina,

o

"

"
e

5t
"

C-149
C-187
c-37

C-219
C=230
C-160
C-3108
C~90

C-241

C-1178

¢-180
C~283
C-25

C-191
C-190

~-582 —
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Table XXXVIX: Spectrographic anslysis of zinkenite

Major constituents ( > 10%2) Pb, Sb
Minor constitueants (0.1-10%) 31, Cu, Ag
Traces { < 0.13) -

Locality: 570 level, Caudalosa vein, Caudalosa mine
Specimen: C-33
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